Effect of Calcium Availability on Alfalfa Grown in Calcareous High Sodium Soils by Nightingale, Harry Irving
Utah State University 
DigitalCommons@USU 
All Graduate Theses and Dissertations Graduate Studies 
5-1965 
Effect of Calcium Availability on Alfalfa Grown in Calcareous High 
Sodium Soils 
Harry Irving Nightingale 
Utah State University 
Follow this and additional works at: https://digitalcommons.usu.edu/etd 
 Part of the Soil Science Commons 
Recommended Citation 
Nightingale, Harry Irving, "Effect of Calcium Availability on Alfalfa Grown in Calcareous High Sodium Soils" 
(1965). All Graduate Theses and Dissertations. 3648. 
https://digitalcommons.usu.edu/etd/3648 
This Dissertation is brought to you for free and open 
access by the Graduate Studies at 
DigitalCommons@USU. It has been accepted for 
inclusion in All Graduate Theses and Dissertations by an 
authorized administrator of DigitalCommons@USU. For 
more information, please contact 
digitalcommons@usu.edu. 
I 
EFFECT OF CALCIUM AVAIIABILITY ON ALFALFA GRCTNN 
IN CALCAREOUS HIGH SODIUM SOILS 
by 
Harry Irving Nightingale 
A dissertation submitted in partial fulfillment 
of the requirements for the degree 
of 
DOCTOR OF HIILOSOPHY 
in 
Soil Chemistry 
UTAH STATE UNIVERSITY 
Logan, Utah 
1965 
ACKNOWLEroMENTS 
The author takes this opportunity to express his sincere 
appreciation to: 
1, Dr, R. L. Smith for his continued inspiration and guidance 
during the course of this investigation and serving as his 
major professor, 
2. Dr. H. B. Peterson and Dr. Keit.'l R. Allred for serving en his 
committee and for their valuable suggestions, 
3. Dr . Gene W. Miller for his suggestions on observing nutrient 
uptake from nutrient solutions as influenced by the soil 
sodium treatment and subsequent sodium content of the a l falfa 
tissues. 
4. Dr. w. W. Smith and Dr . P. a. Carter, Department of Bacteri-
ology and fublic Health, Utah State University, and Mr Lowell 
A. Griffiths, U. S . Army Chemical Corps Proving Ground, Dugway 
Proving Ground, Dugway, Utah, without whose assistance his 
doctorate program could not have been initiated and sustained . 
5. Dr . Rex L. Hurst, Head, Applied Statistics and Computer Ser-
vice, Utah State University, for his many suggestions and help 
in data reduction and multiple -dimensional system studies . 
Harry I. Nightingale 
TABLE OF CONTENTS 
INTRODUCTION 
LITERATURE REVIEJN 
Role of Ca in plant growth 
Essentiality of Ca • 
Physiological role of Ca 
Soil Ca-plant Ca relationships 
Lettuce and radish 
Barley, oats, and wheat 
Tomato and red kidney bean 
Soybean, red clover, alfalfa 
Factors influencing the availability of soil Ca 
Solubility of CaC03 • • 
Effect of complementary ions 
Influence of clay mineral type 
Ca deficiency symptoms 
PRELIMI~RY INVESTIGATIONS 
Forming high sodium soils 
Development of plant culture unit 
Development of r educed calcium nutrient solution 
Establishing suitable level of soil Ca45 
EXPERIMENT OUTLINE AND ffiOCEDURES 
Procedure details 
Procedure l 
Procedure 2 
Procedure 3 
Procedure 4 
Procedure 5 
Procedure 6 
Procedure 7 
Procedure 8 
Page 
1 
5 
5 
5 
6 
7 
7 
8 
8 
9 
11 
11 
13 
14 
16 
18 
19 
20 
26 
32 
39 
39 
39 
39 
42 
43 
43 
44 
44 
44 
Wet digestion . 45 
Calcium and magnesium 45 
Radiocalcium 46 
Sodjum and potassium 48 
Phos phate 49 
Procedure 9 49 
Procedure 10 50 
Procedure 11 51 
Procedur e 12 51 
Total extractable i ons 51 
Water soluble ions 53 
Exchangeable cation percentages 54 
Sodium adsorption ratios 54 
Allcaline-earth carbonates . 55 
Butyl-alcohol fractionation of water extracts 55 
Paper chromatograms of water extracts 57 
RESULTS AND DISCUSSI0}5 58 
Chemical analysis of the soils ')8 
E¥tractabl e cations 58 
Cati ons extractabl e by N/E NH40Ac 58 
Extractable cations by O.lN HCl 59 
Wate r soluble cations - 61 
Exchangeabl e cations and exchangeable cation percentages 66 
Alkal ine-ear th carbona t es 70 
Dispersed organi c material in the wate r extracts . 71 
Results of butyl-alcohol fracti onation of wate r extracts '72 
Availabili ty of Ca-organic compl exes to alfalfa 
s eedlings 76 
Resul ts of paper chromatographs of water extracts 78 
Electr ica l conductivi ty and pH measurements 80 
Na adsorpti on rati os 80 
Chemical analys i s of plant tissues 82 
Yie l d of alfalfa crowns, s oil r oots , and nutrient-
solution roots 84 
The - Na +Ca treatments assoc i ated with the first 
growth peri od . 87 
The .Na +Ca treatments ass ociated with the second 
and third growth periods 88 
The +Na :!:Ca treatments associated with the fifth 
growth period . 101 
The +Na ~Ca treatments associated with the seventh 
and eighth grov. th periods . llh 
N~thematical models and reultiple regression analysis 128 
Development of mathematical models 128 
Correlation coefficients . 131 
Mult ipl e regression analyses 136 
Part one . Prddiction equations for yield of 
shoot ti3sues 137 
Part two . Pradiction equations fo" Ca content 
of shoot tissues lhJ 
Part three . Prediction e quations for Cah5 
content of shoot tissues 148 
Discussion of uultiple regression analysis 152 
SUMMARY • 155 
L!TERATURE CITED 166 
APPENDIX 173 
LIST OF TABLES 
Table 
1. Chemical composition of nutrient solution (based on 
Hoagland and Arnon, 1950) 
2. Initial chemical and physical properties of the soil 
Page 
27 
41 
3. Cations extractable by N/~ NH40Ac . Mean of eight culture 
units per sodium level . . . . 58 
4 . Cations extractabl e by 0 .1 _!!: HCl f ollowing the m 40Ac 
ext raction ') 
5 . Analyses of variance for extractable cations by NH40Ac and 
HCl 60 
6. Water soluble cations extractable at 27, 29, and 31 percent 
soil moisture 
7. Analyses of variance for variabl es which may influence the 
6J 
amount of extractable water soluble cations 64 
8. Analyses of variance for water soluble cations extracted 
from soil at 27 percent moisture . 67 
9 . Exchangeable cation percentages of the soils 68 
10. Analyses of variance for exchangeable cation percentages 68 
11. Alkaline-earth carbonates from acid neutralizati on as 
percent of CaC03 70 
12. Chemical composition of the B\ and OM-fractions of the water 
extracts of the soils 73 
13. Analyses of variance for cation concentrati on in the BA- and 
OM-fractions of the water extracts of the soils . 74 
14. Average Ca45 counts per minute, cpm, of 0 .075 ml aliquots 
of water extracts from the soils before and after running 
the solvent down the chromatogr aphi c paper 78 
15. Analyses of variance for yield of alfalfa crowns , soil r oots, 
and nutrient-sol ution roots at the conclusion of the 
experiment 86 
Table 
16 . Yield and chemical composition of alfalfa leaves, petioles, 
and stems for the - Na +Ca treatments . Average values f r om 
Page 
32 culture units 88 
17 . Analyses of variance for yields and chemical composition of 
alfalfa tissues for the treatment numbers 1, 3, 5, and 7 
from the +Na +Ca treatments for the second and third growth 
periods combined 90 
18 . Analyses of variance for yields and chemical composition of 
alfalfa tissues for the treatment numbers 2, 4, 6, and 8 
from the +Na +Ca treatments for the second and third grmvth 
periods combined 91 
19. Average amount of various nutrients r emoved from o~ excreted 
i nto the nutrient s olutions by alfalfa plants . Ave raged o·,-er 
the second and third growth periods and four replicat ions per 
growth period 9iJ 
20 . Analyses of variance for nutrients r emoved from or excreted 
into the nutrient solutions by alfalfa plants . Data for the 
second and third gr owth periods combined 99 
21. Linear correlation coefficients , r, between Na content of 
alfalfa tissues and yields and other various soil properties . 
For the second and third growth periods combined 100 
22. Analyses of var iance for yields and chemical composition of 
alfalfa tissues for the treatment numbers 1, 3, 5, and 7 
from the +Na +Ca treatments for the fifth growth period 103 
23. Analyses of variance for yields and chemical composition of 
alfalfa tissues for the treatment numbers 2, 4, 6, and 8 
from the +Na -Ca treatments for the fifth growth period 104 
24 . Average amount of various nutrients removed from or excreted 
into the nutrient solutions by alfalfa plants during the 
fifth grawth peri od . Aver age of four replications 111 
25 . Ana l yses of variance for nutrients removed from or excreted 
into the nutri ent solutions by alfalfa plants during the 
fifth growth period 112 
26. Analyses of variance for yields and chemical composition of 
alfalfa tissues for the treatment numbers 1, 3, 5, and 7 
from the +Na +Ca trea tments from the seventh and eighth 
growth periods combined • 115 
27 . Analyses of variance for yields and chemical composition of 
alfalfa tissues for the treatment numbers 2, 4, 6, and 8 
from the +Na -ca treatments from the seventh and eighth 
grmvth periods combined • 116 
Table 
28 . A. 3rage amount of various nutrients removed from or excreted 
into the nutrient solutions by alfalfa plants. Average over 
the seventh and eighth growth periods and four replications 
Page 
per growth period • 126 
29 . Analyses of variance for nutrients removed from or excreted 
into the nutrient solutions by alfalfa plants , Data for the 
seventh and eighth growth periods combined 127 
30 . Correlation coefficients beuNeen tissue yields and some soil 
prope rties based on 48 observations . 132 
31 . Correlation coefficients between yield of shoot tissues and 
their chemical composition based on 48 observations 133 
32. Correlation coeffic ients beUNeen Ca content of shoot tiss ues 
and some soil properties based on 48 observations 134 
33. Correlation coefficients between Ca45 content of shoot 
tissues and some soil properties based on 48 observations 136 
34 " Multiple R2 values for the multiple regression equations one, 
two, and three . 139 
35 . Multiple regression analysis for leaves using equation two 
for the prediction of yield of leaves 142 
36. Multiple R2 values for the multiple regression equations 
four, five, six, and seven • 145 
37 . Multiple regression analysis for leaves using equation four 
for prediction of Ca content of leaves • 147 
38 . Multiple R2 values for the multipl e regression equations 
eight, nine, ten, and eleven 150 
39 . Multiple regression analysis for l eaves using equation ten 
for prediction of Ca45 content 151 
40. Cations extracted from the soils by N/~ NH40Ac for each 
culture unit 174 
41. Cations extracted from the soils by 0.1 N HCl folloVIing 
extraction by NH40Ac for each culture unit 175 
42 . Water soluble cations extractable from the soil at 27 percent 
soil moisture 
43. Exchangeable cations for each culture unit 
44 . Exchangeable cation percentages for each culture unit 
176 
177 
178 
Table Page 
45 . Cl:emical composition of Ba-f raction of soil wate:- extracts 179 
46. Cher:d cal composition of OM-fraction of soil wate r extracts 180 
47. Soil~nater pastes, jil at 27 percent water 181 
48 . Yielc'.s and chemical composition of alfalfa tis sue& of the 
first growth period 182 
49. Yields and chemical composition of alfalfa tissues of the 
second grmvth period 165 
so. Yields and chemical composition of alfalfa tissues of the 
third growth period 188 
51. Yields and chemical composition of alfalfa tissues of the 
fifth growth period l'?l 
52 . Yields and chemical composition of alfalfa tissues of the 
seventh grcmth period 19L. 
53. Yields and chemical composition of alfalfa t issues of the 
eighth growth period . 197 
54 . Average yield and chemical composition of alfalfa tissues 
for the treatment numbers 1 , 3 , 5, a.nd 7 from the . Na +Ca 
t rea tments for the second and third grmvth periods combined 200 
55 . Average yield and chemical composition of alfalfa tissues 
f or the treatment number s 2 , 4, 6, and 8 f rom the +Na +Ca 
treatments for the second and third gr owth periods combined 201 
56. Average yie l d and chemical composition of a l falfa tissues 
for the treatment numbers 1 , 3, 5, and 7 from the +Na . ca 
treatments for the fifth growth period 202 
57. Average y i eld and chemical composition of a l falfa tissues 
for the t r eatment numbers 2, 4, 6 , and 8 from the +Na - Ca 
treatment s fo r t he fifth gr owth pe r iod 203 
58 . Average yi eld and chemical composition of alfalfa tissues 
for the treatment numbers 1, 3, 5, and 7 from the +Na ..,ca 
treatment s for t he seventh and eighth growth periods combined 204 
59. Average yi eld and chemi cal composition of a l falfa tissues 
for t he treatment numbers 2, 4, 6 , and 8 from the +Na -Ca 
treatments for the seventh and eighth gr~nth periods combined 205 
Table 
60 . P.T'lomt of Ca, Hg , K, and F04 r emoved from the nutrient 
solutions by plants du r ing the second growt.l-1 period . An 
"a " following a number indicates an accumulation of cations 
Page 
by tr.at amount in the nutrient so l ut ion ?06 
6J . Amount of Ca , Mg , K, and PO.JJ removed from the nutrient 
solutions by pl ants durin;; the third gr·owth period . An "a " 
follan ing a number indicates an accumulation of cations by 
that amount in the nutrient. s elu tion '0'1 
62 . A!'1ount of Ca, Mg , K, a nd ?04 r e:noved from t he nutrient 
solutions by pl.ants during the fifth growth period. An "a 11 
folloYiing a numbe::- i nd icat-es an accumu1.ation of cations by 
that amount in the nutrient solution 209 
6'L Am0·mt of Ca , Mg , K, i'md PCh r·cmoved from the nu~l'icn 
solutions by plants duri n~; the seventh growth period. lln 
11a 11 followi ng a number indica tes an accumulation of cations 
by that amount in the nutrient solution 2C7 
6h . Amount of Ca, Mg, K, and ?04 removed from the nu trient 
solutions by plants during the eight growth period . An "a " 
follcming a number inrlicates a n ac.cumulation of cations by 
that amount in t he nutrient sol.J t ion 210 
65. Yield of alfalfa crowns, soil roots, and nutrient- solution 
roots at the conclusion of the experiment 211 
66 . Multi ple regression analysis . Use of equation one t o 
predic t y i eld o.f shoot tissues 
67 . Multi ple regr ession analysis . Use of equation two to 
predict yiel d of shoot tis sues 
68 . Multiple regression analysis . Use of equation three t o 
predict yield of shoot tissues 
69 . Multipl e regression analysis . Use of equation four to 
?12 
215 
216 
pr edict the Ca content of shoot t issue s 217 
70. Multiple regression analysis . Use of equation five to 
predict the Ca content of shoot t issues 218 
71. Multiple regression analysis . Use of equation six to predict 
the Ca content of shoot tissues 219 
72 . Multiple regression ana.lysis . Use of equation seven to 
preQtct the Ca content of shoot tiss ues 220 
73 . Standard partial regress ion coefficients f or equations one, 
two , and three . 222 
Table Page 
74 . s ~~ndard partial regression coefficients for equations four, 
five, six, and seven . 223 
75 . Multiple regression analysis . Use of equation eight to 
predic t Ca45 content of shoot tissues 224 
76 . Multiple regression ana l ysis, Use of equati on n.i.ne t.o 
predict Ca45 content of shoot tissues 225 
77 . Multiple regression anaJ.ys is. IJse of equation ten to p!"edict 
Ca45 content of shoot tissues 226 
78. ~1J.tiple regression analysis. Use o~ equaoion eleven to 
predict Ca45 content of shoot tissues Z27 
79 . Stendard partial :-egre~sion coefficiE'.nts fo£" equations 
eight, nine, ten, and eleven <2o 
LIST OF FIGU!lliS 
Figure Page 
1 . Distribution of sodilUn in the soil mass obtained by the 
inj ection met.'Jod 21 
2. Design of plant culture unit 22 
3. Distribution of alfalfa plant roots :'.n the soil compartment, 
their penetration through the tar-paraffin-gau~e memorance , 
and development in the nutrient- solution compartmP.nt 24 
4o:- GlAss tuOi.ng mc;nifJ}rl usei t.~: :.JeraJ.:.e ~ add, rer:iC1V8 J ar.ri 
sample nutrient s olutions for each plant cLlture. =it i.1side 
the gr<mth chamber 2~ 
5. Alfalfa plants showing Ca deficiency in the shoots 28 
6 . Alfalfa leaves and 11' tioles showing the different aspects oi' 
Ca deficiency 
7. Ca content of alfalfa shoots grown for 20 days in nutrient 
30 
solutions of various levP.ls of Ca Jl 
8 . Radioautographs of alfalfa roots from the nutrient sol ution 
compartment 35 
9. Relation of specific activity of Ca.45 in alfalfa leaves , 
petioles, and stems as a flU1ction of amount of Ca45 added 
to non- sadie soils 36 
10 . Relation of total Ca content of alfalfa tissues and 
exchangeabl e Na percentage of so i l for "reduced Ca " in 
nutrient solutions . From fina l preliminary investigati on 38 
11. Flow shee t f or the exper iment 40 
12 . Flow sheet for soil analysis 52 
13, Relation bet.ween water sol ubl e cations and exchangeable Na 
percentage of the so il 65 
14 . Relationship between exchangeable Na, K, Ca , and Mg 
percentages to amount of Na added to the soils 69 
15. The Na , Ca, and Ca45 content of the EA and OM-fractions of 
the water extracts as related to exchangeable sodium 
per·centage of the soil 75 
Figure ?age 
16. Yield and Ca45 uptake by alfalfa seedlings from water 
extracts of sadie soils . 79 
17 . Average electrical conductivity, pH of soil-water extracts, 
and pH of soil-water pastes, 27% water, as related to ESP of 
soil 81 
18. Relation between exchangeable Na percentage of the soil and 
the Na adsorption ratio of the so il solution at 27% soil 
moisture 83 
19 . Yield of alfalfa crowns, soil r oo ts , and nutrient- solution 
roots at the conclusion of the experiment as r elated to ESP 
of soil 8) 
20 . Tissue yie lds and Na content as ::-ei.a ~l?d to ESP of soil ::'·Y' 
the +lla .ca treatments f :rom t.Cje sec:..ond and thi:rd gr_,,.th 
periods combined '72 
21. Ca and Mg content of alfalfa tiss11es as rela ·ved to ESP of 
soil for the +Na ,ca treatments from the second and t hird 
growth periods combined . 93 
22 . Ca45 and (Na + K)-(Cs. + Mg ) content of alfalfa tissu.es as 
related to ESP of soil for the ; Na +Ca trea tmenw from the 
second and third growth periods combined 95 
23. K and P04 content of alfalfa tissues as related to ESP of 
the so il for the +-Na .ca treatments from the second and 
third growt h periods combined . 97 
24. Tissue yields and Na content as related to ESP of soil for 
the +Na ±Ca treatments f rom the fifth growth period 102 
25 , Ca and Mg content of alfalfa tissues as related to ESP of 
soil for the +Na ~Ca treatments from T.he fifth growth 
period 106 
26, CaliS and (Na + K)- (Ca + Mg} content of alfalfa tissues as 
related to ESP of soil for the +Na ±Ca treatments from the 
fifth growth period 108 
27 . K and F04 content of alfalfa tissues as related to E~P of 
soil for the +Na ~Ca t.rea tments from t he fifth growth period llO 
28. Tissue yie l ds and Na content a s related to ESP of soil for 
the +Na .:tea treatments from the seventh and eighth growth 
peri ads combi.ne d na 
29 . Ca and Mg content of alfalfa tissues as related to ESP of 
soil for the +Na ~Ca treatments from t.'le seventh and eighth 
growth periods combined . 119 
Figure 
30 . Ca45 and (Na + ~ ) -(Ca + Mg) content of alfalfa tissues as 
related to ESP of soil for the +Na ±Ca treatrr£nts f rom 
Page 
the seventh and eir;ht growth periods combined 122 
31. K and P04 content of alfalfa tissues as related t o ESP 0f 
soil for the +Na ±Ca treatments f rom t he seventh and eighth 
growth periods combined . 
32 . Examples of three-dimensional graphs used to evolve mere 
124 
appropriate linear mathematical models • 130 
INTRODUCTION 
I n s oil science we shall a lways be confronted with r eacti ons i n 
soils that involve Ca. Ear ly recognition of this led to experimentation 
i n t h is a rea. Due to the fact that Ca deficiency is most common in acid 
soils, the ma jority of the experimentation has in the past bee n largel y 
confi ned t o aci d soils and their soil-Ca-plant relationsh ips . There has 
been relativel y l ittle research done with Ca and i ts availaoility 
problems associated with alka line or sodic so i ls. 
The agricultural use of arid lands is rapidly becomir~ of economic 
significance throughout the world. With man's increasing abil ity to 
control the flow of natural rivers and create his own del i very ca nal s , 
vast arid regions can be put under irrigation and economical crop pro-
duction can and must be realized. Review of man's past history indicates 
t hat ignorance has usually led to crop yield decline due to s a linization 
and alkalization of the soils. 
In the irrigation of arid land it appears that usually one cannot 
escape the accumulation of Na in irrigation water subsequently varying 
degrees of accumulation in the soil. This is so because it is not 
always possible to use relatively Na-free water. What this means is 
that man must learn to produce crops on soils containing considerable 
Na. Soils that contain a level of exchangeable Na over 15 percent of 
the ca tion exchange capacity, and having an electrical conductivity of 
t he water saturation extract less than 4 millimhos per centimeter at 
25 C, are termed sodic or nonsaline-alkali soils. Such soils in IM.ny 
areas are capable of economical production of genetically adapted crops. 
In general as the level of exchangeable Na increases beyond lS percent 
of the cation exchange capacity there is a depression in growth of most 
agricultural plants. Research by Ratner (1935) on oats, wheat, and 
barley, and Thorne (1944) on tomato plants has presented evidence tha t 
indicates the soil exchangeable Na in itself may not be detrime~tal t o 
plant growth. Such results suggest other factors are limiting growth . 
Among these the availability of Ca is a possibility. 
1ffiny of the arid sodic soils are high in total so i l Ca, some con-
taini ng several percent calc ium carbonate a s well as Ca- containjng 
primary soil minerals that only release Ca upon weathering. Plant 
response on such sodic soils indicates that a lack of available Ca or 
some other factor or factors that affect the uptake of Ca are l imiting 
plant growth. A detailed study of the many factors that influence Ca 
availability, as measured by Ca uptake by the plant on sodic soil, is 
needed. 
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The Ca deficiency of plants grown on sodic soil may be due to (a) 
insufficient supply in the soil, (b) insufficient solubility rate, (c) 
physiological unavailability, as in the failure of acid sensitive plants 
to absorb soluble Ca at low pH, or (d) physiological unavailability, as 
in failure to reduce absorbed nitrate preparatory to protein synthesis, 
Insufficient supply of Ca in the soil, as is common for acid soils, 
can readily be corrected by application of lime or soluble sources of 
Ca, such as gypsum. However, the case of insufficient solubility rate 
may well be one of the factors that limit the uptake and subsequent 
growth on sodic soils, 
DeTurk (1941) reported that red clover grown in sand cultures had 
a tenfold increase in absorption of Ca at pH 7 over that at pH S. 
These solutions contained 160 ppm Ca. The growth response was closely 
related to the amount of Ca absorbed. This was a case of physiological 
unavaiJ.ability, which might also be the case of soils whose jil is about 
7.5 to B.S. 
3 
High concentrations of K in solution will also greatly depress the 
uptake of Ca by plants. Als o, high concentration of Ca will depress K 
and Mg uptake. Likewise, it seems entirely possible that in sadie soils 
the high concentration of Na could depress the absorption of Ca . This 
point is one which this investigation should help to clarify. 
Various workers have attempted to is o:!.ate ce:o:tain parts of the 
soil·-plant system for study . For example , Simmons (1939 } studied t he 
effect of carbon dioxide pressure on the equilibrium of a H-colloid 
clay-H 2o-cac03 system. His data showed that for such a system the rate 
of increase in Ca ion in solution was less than the rate of increase in 
the H+ concentration, the result being that exchangeable Ca decreased 
as the partial pressure of the carbon dioxide increased. Hence, there 
appeared to be a competition between Ca and H+ on the electro-negative 
exchange positions on the clay. Work by Johnston and Williams (1916) 
and by Bradfield (1941) suggests that in normal soil the partial 
pressure of soil carbon dioxide is from about 0,0003 to 0 .1 atmospheres 
and practically all the Ca in solution is in the bicarbonate form. 
The major objectives of this investigation are to evaluate the 
influence of high soil Na on the availability of soil Ca to alfalfa 
plants, and the influence of availability of Ca on the growth and cation 
balance in alfalfa leaves, petioles, and stems. 
To accomplish the objectives of this investigation a split root 
culture unit was developed that would allow the establishment of alfalfa 
plants in 1300 g non-sadie soil containing Ca45 in an upper soil com-
partment separated from a lower nutrient-solution compartment by a 
tar-paraffin membrane. Such a culturing system eliminates the diffi -
culty of trying to establish plants in high Na soils; consequently, 
fairly uniform stands of alfalfa were initially created prior to the 
soil Na treatments and changes in the concentration of available Ca from 
the nutrient solutions. 
The main experiment was designed to obtain alfalfa shoots that 
could be separated into leaves, petioles, and stems with subsequent 
chemical analysis under three sets of conditions" These growth condi-
tions were: (a) prior to soil Na treatments and changes in Ca content 
of the nutrient solutions, (b) increased levels of soil Na but stil~ 
sufficient Ca in nutrient solutions, and (c) increased levels of soil 
ta but insufficient supply of Ca in the nutrient solutions, 
The soils were analyzed before and after growth of plants . The 
nutrient solutions associated with each growth period were analyzed 
before and after exposure t o plants. 
Evaluation of experimental results were by analysis of variance, 
linear correlations , and multiple regression analysis. 
LITERATURE REVIEW 
This literature review is mainly directed toward investigations on 
the factors that may influence the availability of soil Ca in sodic 
soils and the resulting cation composition and balance in plants, 
particularly alfalfa. 
Role of Ca in Plant Growth 
Essentiality of Ca 
s 
'Numerous inves tigations have been reported that definite ly estab-
lish the essentiality of Ca for normal grmvth and reproduction of hi gher 
green plants. Ca is just as essential for animals. For example, Smith 
and Hester (1948) reported that man requires a daily intake of at least 
0 . 8 g of available Ca. In order for man and farm animals to have suf-
ficient Ca the plants which they feed upon must not be too deficient in 
Ca. Walkins (1937} in a study of range forages in New Mexico found in-
stances of what he considered a Ca deficiency in forages. The usual 
solution to a deficiency of an essential nutrient element is the addi-
tion of fertilizers containing the essential element to the soil. 
Mehring (1948) reported that the average GaO content of all fertilizers 
sold in recent years to American farmers is about 17 percent GaO. How-
ever, the solution to the Ca problem in arid soil apparently cannot be 
solved in its entirety by just the use of fertilizers containine Ca. 
Many arid soils contain sufficient Ca as Caco3, but, as was shaNn by 
Flocker and Fuller (1956}, Caco3 was very poorly available to plants. 
Thus, for many arid soils, and especially the more sodic soils, the 
problem reduces more to one of availability of Ca than one of total 
amount of Ca in the soil. This problem is just now beginning to re-
ceive world wide recognition as evidenced by work in Spain by Ayers 
et al . (1961) and in Russia by Krasinskii (1959), as well as in the 
United States. Kelley (1935} called attention to the rather unusual 
role played by Cain regards to soil acidity, soil-plant relationships, 
soil formation, soil profile development, and sadie soil reclamat ion . 
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He stated (p. 108) that the "importance of N, P, and K in soil is not t o 
be minimized . It appears that , from severa l points of view, calci'l!Tl is 
of a still greater fundamental significance . 11 Bower and Turk (1946 ) 
have shown that addition of Ca and Mg to alkali soils can improve plano 
growth very markedly with an associated increase in the upwke of the 
added element by the plant. 
Physiological role of Ca 
The physiological role of Ca in plants is extremely complex. 
Purvis and Davidson (1948, p. 111) found in their investigations that 
"calcium is an essential element in all plant tissue, and a deficiency 
of this ion disrupts the utilization of all other nutrient ions. " Also, 
there are apparently some rather specific functions of Ca in the plant. 
Pierre and Allaway (1941} indica ted that some of these roles are: (a) 
neutralization of oxalic acid and other organic acids; (b) Ca pectate is 
one component of the middle lamella, and as such plays an important role 
in a bsorption and retention of ions by the cells; and (c} Ca is neces-
sary in nitrate reduction within the plant, as shown by the fact that 
the nitrate reductase activity is low in the absence of Ca. Along this 
same line Gauch (1940}, in studying the responses of the bean plant to 
o Ca deficiency, found that the bean plant failed to absor b nitrate ions 
when grown i n solution culture deficient in Ca and attributed this to 
the unhalanced condition of the nutrient solution . 
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Sorokin and Sommer (1929) found from their investigations on changes 
i n the cells and tissues of root tips induced by the absence of Ca that 
the absence of Ca does not have a direct effect on the disintegration of 
the cell wall . They suggest that the effect of withholding Ca is 
asserted in the meristematic cells through failure of normal mitosis, 
and that the appearance of aberrant types of division as Ca is ·.vithheld 
ind,.ca t.es tha t a small amount of Ca may be required as a constituent of 
the prot oplasts . 
Soil Ca- plant Ca relationships 
Lettu ce and radish . Vlamis (1949) reported that wi t h a s erpentine 
soil whose exchange complex was predominantly saturated with Mg, healthy 
lettuce plants were produced when the degree of Ca saturation was raised 
above 25 percent . Where Mg was the complementary adsorbed ion , l ettuce 
growth was reduced as exchangeable Ca percentage fell below 20 percent . 
Where K was the predominant complementary ion, the reduction in yield 
and the appea rance of rosette in lettuce set in at 30 percent Ca satura-
tion. He reports that his plant- tissue analysis revealed the r eduction 
in yield and the leaf symptoms to be a reflection of the low Ca status 
of plants grown in soils at the lower degree of Ca saturation . 
The work of Schreider et al . (1957) showed that radish elongation 
decreased with increased exchangeable Na percentage up to 80 percent 
adsorbed Na . The cause of elongation depression apparently was not due 
to soil pH, the conductivity of soil solution, or to the Na content of 
plants . Consistent results in all soils indicate that it was the reduc-
tion of Ca in the seedling plants that constituted the major cause of 
reduced elongation , They also reported that in Ca-H and Ca-Mg systems , 
decr~~sed elongation was closely correlated with a removal of Ca from 
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the pJ r.n ts . 
E_· :rley, oats , and wheat . Ratner (1935) suggested that one ]J~3 sible 
cause of death of wheat and barley in his experiments on the influence 
of exchangeable Na was the lack of Ca at high level of exchangeable Na 
or Mg. 
Itallie (1948) leached a soil with dilute acid and then added the 
bases as carbonates, thus obtaining desired cation ratios. Wi-:.~ such a 
system he reported (p. 146) for oats that 11the Ca uptake is wh0ll;:r 
dependent on the ratio of Ca to the other three cations (K, ~~. Mf ] i~ 
the soil and not on the absolute quantity added ." He then repor'cecl tha t. 
Ca deficiency s~nptoms occur also with large additions of Ca (as Caco3} 
at high pH when alkali ions in large quantities also were adde~. His 
studies also indicated that Mg and Ca additions had no appreciable 
influence on the Na uptake. 
It was the conclusion of Elgabaly (1955) that wi:.h barley gr,:,wn in 
resin- sand cultures that a possible explanation fo r the specific effec ~ 
of high exchangeable Na percentage is the unbalance among nutrients 
caused by differential uptake and depletion in nutrients. 
Tomato and red kidney bean. Studies by Thorne (1944) usin5 tomato 
plants resulted in his agreement with Ratner (1935), that decreased 
growth was due to a breakdown in the Ca regime. 
Bower and Wadleigh (1948) conducted their investigations 0n the 
t:fect of exchangeable Na on cation composition of plants using a sand-
amberlite system, In their investigation they found that grm•1th of red 
kidney beans was significantly reduced at 15 percent exchangeable Na, 
The data obtained with a plant of this type (one usually having a high 
Ca content) i ndicated a reduction in Ca accumulation in the top is one 
of the principal effects produced by high l evel of exchangeable Na. 
Soybean, red clover, and alfalfa. Albrecht (1941 ) reported that 
soybean growth was insignificant unles s t he seed content of Ca was 
doub l ed with in the five-week growth peri od used. In no case ras growth 
been possible unless Ca moved int o the plant in its ea rly l ife . 
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Al br echt and McCalla (1938, p. 406) observed that with s oybeans grown on 
Ca-H clay that "colloidal clay deficient in nutrient cations has even 
taken t hese from the growing plant which finally contained less of these 
t han were present in the seed at t he outset." 
Ririe and Toth (1952) conduct ed plant studies with radioc1lcium 
using Ca45co3, Ca45 (H 2F04) 2, and Ca45S04 '2H20, by growing alfal fa , r8d 
clover, and tomato as indicator plants . 1hey showed the feasitility of 
obtaining radioautographs of leaves. They found tha t Ca45 fro~ Ca45co3 
was more available than from the other salts used. Their data also 
showed tha t the absorption of the radioactive Ca had no apparent effect 
on t he uptake of other mineral nutrients by alfalfa. Their data showed 
that Ca45 concentrated in the veins and petioles of alfalfa and red 
clover with notably low Ca45 in ihe pulvini of those plants. 
Bear and Toth (1948) concluded f rom an eight-year s tudy on 20 New 
Jersey soils that conditions approaching the optimum f or t he cation 
nutrie nts of alfalfa is 65 percent exchangeable Ca, 10 percent exchange-
able Mg, 5 percent exchangeable K, and 20 percent exchangeable H. They 
also r eported that the ratios of the basic nutrient cations in the 
alfalfa plant bear little resemblence to those on the exchange compl ex 
of the soil in which the plant was grown. Bear and Wallace (1 950) sug-
gested the f ollowing critical levels in alfalfa: K, 1.4 percent ; Mg, 
0 .24 pe rcent; Ca, about 1 .40 percent; P, 0.27 percent; Mn, about 10 ppm; 
and B, about 10 ppm (water soluble). They reported a mean cation con-
tent fo r alfalfa of 141 meq/ 100 g tissue (dry we i ght) and a range of 100 
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to 200 meq/100 g. Bear and Prince (1945) also showed that, for the New 
Jersey soils studied, high yielding capacity (over a period of eight 
cuttings ) for alfalfa was associated with a high content of available 
Ca in the soil at the start of the test. They also presented evidence 
to support the belief that 
,,,each of the major cations has at least two functions in 
the plant, one specific and the other or others of the type 
that can be performed interchangeably by all three cations 
once the supply of each cation is adequate to meet the 
soecific need for it ••.• K must be sufficient to maintain 
the K content of the plant at not less than 1%, but it 
should not be so large as to effec t a substi tntion of K 
for Ca and Mg in the functions that are common t o all 
these cations in the plant. (Bear and Prince, 1945, 
p. 222} 
Hartman and Powers (1928) presented evidence wi~h Grimm alfalfa 
that a deficiency of Ca greatly hinders root development and that at 
concentrations greater than 32 ppm water soluble Ca plant growth is not 
benefited, Larson (1928) is in similar agreement in that he reported 
32 ppm Ca as the most economical concentration. Larson further sug-
ges ted tffi t the minimum concentration of Ca ions required by the alfalfa 
plant in culture solutions to be 16 ppm. Wallace et al, (1948), in 
their study of influences of Na on growth and composition of Ranger 
alfalfa, found that Na was utilized by the alfalfa plant with increasing 
yield, particularly when the K supply was low, They tentatively sug-
gested partial replacement of K by Na . They also reported that the 
addition of K to low K plants usually resulted in an increase in the K 
content and a decrease in Ca and Mg . They also presented evidence show-
ing that sulfur content of alfalfa was not influenced by Na. 
Factors Influencing the Availability o.t:_ Soil_g.!!; 
Solubility of CaC03 
Olson and lfatanabe (1959) studied the solubilit.y of Caco3 ~n cal-
careous soils. They r eported that the presence of clay, m-l2C r esJ.n, 
or non-calcareous soil had no effect on the solubility of calaite at 
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constant partial pressure of co2, but t!1e precipita1;ion of eacc3 in the 
presence of various clays caused the formation of a mar~ solubl3 form of 
CaC03 than calcite . In another study Hourigan et al. (1961) co~cluded 
that freshly added Ca appeared to be more av'lilable to a.lfa if.:;. ~han 
calc ium added earlier in the field . 
The partial pressure of C02 is related to the solutility of caco3 • 
Bradfield (1941) conducted physiochemical studies for Ca as applied to 
Ca salts in soil as influenced by the C02 pressure . He pointec out that 
knowledge of the chemistry of the soil system of Ca003-co2-H~ is basic 
to the entire field of soil chemistry. Si!lllllons showed that 
•• • the C02 pressure does affect the absorption of calcium 
by a hydrogen clay, Increase in co2 pressure in tl:e 
CaC03-H~-co2 system increased the relative concentration 
of H ions nruch oore than it does the Ca ion concentrati on. 
This increase in H ion concentration coupled with its much 
greater specific absorbability accounts for the decrease 
in Ca absorption as the C02 pressure increased. (Simmons, 
1939 , P• 647) 
His data showed that at low co2 pressure , the change i n Ca adsorption 
was~ linear function of the cube root of the 00 2 pressure in atmos-
pheres . Goertzen and Bower (1958) found that the effect of co2 on the 
replacement of adsorbed Na was measurable, but small, and of less 
importance than the effect brought about by the hydrolysis of C1.CXJ3 
upon leaching ~~e soil with salt-free water. Cole (1957 ) studied H+ 
and Ca relationship in calcareous soils and concluded that the mean 
activity of Ca(OH) 2 is related to the partial pressure of 002 by the 
,,·<pression log(al xCa(00} 2 ~ 6 ,10 + 1/3 log P,,0 · v 2 
Webster and Hanvard (1959 ) reported tbat ratios of o.ctlviLes r:,_' 
ons in dilute equilibrium solutions are useful chemi al P''"P"rt~es of 
"oil systems . Linear relationships between pH •• ~p (Ca ~ A:g) of 
equilibriwn solutions and (Ca + Mg} sa t uration vrere observed fc ~ the 
soils studied. They found the highest c~rrelation was cbtai.ncc' wi-w 
l? 
samples equilibrated in water at the higher level of co2 (O.OlC8 atrr .. ). 
The fact that H2o equilibrium studies revealed differences betr:Olen soi:i.s 
in amount of Ca and Mg released_, whereas CaC12 equilibrinn solutions d.~d 
not , is regarded as an important advante.ge f~r st·td.yi'lg C·?n ·atios it; 
water equilibriwn solutions . 
Flocker and Fuller studied 10 Arizona soils of 0 t o 13 [<!rcent 
CaC03 under greenhouse conditions" They reported thao 
• •• neither the total amount of radioelement acisorbed or 
percentage of radioelement in the plant derived from the 
added source was found to be related to the soil Ca 
soluble in water, 1:1 HCl extraction, or the CaC03 con-
tent , or active Ca as measured by the Drouineau method, 
(Flocker and Fuller, 1956, p, 387) 
They found that the amount of exchangeable Ca in soils was significantly 
corr ?lated with the amount of available Ca in roots. They repcrted that. 
Caco3 was found to be very poorly av~ilable to plants regardle 6 ~ nf its 
source . They also found t he amount of exchangeable Ca to be irdependent, 
of' the total Ca as well as the CaC03 content of toe soil. ~'heir stJ.dies 
the soil the greater was t:1e amount <;: Ca «vailable to pl.:tnts, Thei,· 
<:onclus ions concerning availability .Jf exchangeable Ca were ta5ed 011 a 
C)ncept developed by Fried and Dean (1952) for evaluating tbe a vail-
aoili ty of nutrient ions. 
lJ 
Ei'Zec t of complementary ions 
Jenny and Ayres (1939) found that exchar.geable Ca as a corr,l lement,-
ary i on had the least effect on the release of exchangeable K. Ho!'ner 
(l9J6 ) reported that with a constant amount of exchange&ble Ca i n the 
rredium, the amount of Ca entering the soybean plant incr·eased a s the 
percen t of saturation increased regardless of whether H, Mg, Ba, or K 
was the complementary adsorbed cation . Marshall and Upchurch (1953) 
defi nitely showed that there is a complementary ion effect, whkh mus t 
always be considered. They pointed out that at least three controlltng 
factors must be c ons idered in comparing different subs t rates arj growth 
of different plants in relation to cation uptake, namely, (l) the mean 
free energy change in the cation exchange against the hJ~rogen ion; (2 ) 
the activity of the cation under consideration in the nutrient mediwn; 
and (3) the activity of the hydrogen ion. 
The influence of one cation on the absorption of other cations is 
further shown by the work of Jackson and Evans (1962) on soybean seed·-
lings . They reported that in Ca deficient plants the Mg content of the 
stem-base plus roots was slightly less than in Ca-adequate plants, 
whereas the Mg content of the tops of Ca-deficient plants was gr eater . 
Viets (1944), in studies with excised barley roots, found that a variety 
of polyvalent cations accelerate K absorption, with Ca be ing the most 
effective . He also showed that the absorption of K or Dr ions could not 
be ~ccelerated by Ca when the roots were deprived of oxygen or treated 
wit h potassium cyanide, In another study with excised barley roots 
Moore et al. (1961) postulated that the Ca which is active in influenc-
ing the absorption of other cations is localized in the surfaces of t he 
roots " 
Jarusov (1937) found Ca was more mobile at 50 percent saturation 
:u.~ 
frore 1. Ca-+1 clay t han from a Ca -Mg clay and still more than that f!'om a 
Ca -N-!4 clay. He explained his res ul t s on the basis of differen~es i r: 
the st!~c ture of the ion atmosphe r e and on the basis of di f ference s in 
the ener gy of adsor pti on of the different i ons . 
Influence of c lay minera l type 
The influence of t ype of clay minera l was illustr a ted by !::9h:i..icn 
and Colwell (1944) when t hey f ound t hat Ca uptake b-,1 cotton a nd soybear.s 
was invariably higher from the kaolinite soil -chan from "the mOl""tmori l -
lonit.e soil . They found the Ca cont ent of s oybealls was m0re di rec t ly 
rela ted to pe r centage of Ca satura t i on t han to t ota l amount of Ca pre-
sen;; i n montmorillonite soils, whereas i t was more di rec i.l y r e lated to 
the total amount of Ca in the kaolinite s oil. Thei r da ta indi cat ed t hat 
Ca r e l ease was l ow in montm0rillonite s oils and l itth aff ected by 
degree of saturation, Allaway (1945) found also that the avaihbility 
of Ca wa s influenced more by nature of colloid than by the degne of Ca 
saturation, Allaway also found evidence that even within the r.~:-ntmoril­
l onite group of clay minerals there are differ ences in replaceability 
and ava ilabili~ of Ca to plants; the same may also be true of the 
illite gr oups. His data showed a close r e lationship be tween t he a'!lount 
of Ca taken up by soybeans and the amount replaced by H+ , suppc rting the 
t he ory that plant feed i ng is essentially a r eplacemen t of nutri;nt 
cations from the s oil by biologically produced H+ from the r oots. This 
indicated that Ca was removed from thE' colloid by H"'", but not neces-
saril y through contact exchange, 
I nvestiga t ions were conducted by Chatte rjee and Ma r shall (1950 ) on 
the i onizat ion of Mg, C!3. , and Ba clays. They f ound that mon mor i l l onite 
(Wyoming bentonite ) had l ow i oniza t i on of Mg, while a beidell i te ( Putman 
subs oil r·lay) up :a 80 percent saturat:.on ionized more ~ than Ca. The 
work o Benson and Toth (1963), using tomato plants, showed that tl:e 
mean uptake of Ca and K for all treatments on the montmorilloni te-~and 
mixture was higher than that from the clays of kaolini te and illi c;e, 
Marsha.ll reported that 
• .. the cationic environment of the plant r oot in a mixed 
system of monovalent and divalent ions will be entirely 
d~fferent in a soil electrochemically dominated by kaol-
ini t e from that in soil similarly dominated by montmoril-
l onite clays, (l9u8, p. 65 ) 
He alsn sh''W81 that below 70 per~ent exchangesble Ga the m··~~tm:~iJ lor1; • 
clays are c'mracterized by an extremely low active f raction anc' hence h~ 
a high energy of adsorption , In montmorillonite and beiclelli te cla;~'s Na 
s hows a narrO'II zone and Ca a broad zone of very 10'11 activity Ba r 'tletc; 
and McLean (1959 ) , using clay membrane electrodes to evaluate average 
activities of K and Ca in clay suspensions and in solutions, co"lclnded 
that bonding of Ca by clays may have regulated nutrient cation ~ptake. 
All plants used removed as much or more Ca from sol ution as from clay 
suspensions of equal activity. 
Elgabaly and Wiklander (1949) are in agreement with Marshall on t.he 
influence of clay type. These authors pointed ou t that 
... as a colloidal system, the plant root in contact with 
another colloidal system, the clay minerals, results in 
a temporary equilibrium status bet,ween the plant. e.nd the 
colloidal medium in wh i ch the interaction between their 
two double layers is of importance . The result of the 
interaction is reflected in the composition of the plant, 
(1949, p. 424) 
The work of Brown (1955) with soybeans grown in an apparatus that 
allows plant growth without soil- root contact showed that very small 
percents of montmorillonite or illite dominated the exchange properties 
of kaolinite and the resulting uptake of nutrients by plants . 
The relationships between availability of soil Ca in sadie soils 
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and the cation content and balance in the important crop alfalf:J. 
(Medi a_[£ sativa) are the heart of this investigation . Calcare~us soils 
from productive to poorly produ-otive sadie soils a re of great agricul-
tural impor tance. As pointed out by Kelley (1962), there are nany 
facccrs which might cause the expectation of poor correlation between 
plant growth and exchangeable Na percentage of the soil. It i3 evident 
then that other factors need to be further investigated. 
Ca Deficiency Symptoms 
Symptoms of Ca deficiency in higher green plants vary some·.vhat with 
species . However, there are some symptoms that appear common a nd, as 
pointed out by Pierre and Allaway (1941), they are : (a) The root system 
of plants ordinarily exhibits the effect of Ca deficiency at a11 earl ier 
stage than do the aerial parts . At lower levels of Ca deficiency a 
large number of new root primordia are stimulated and they fail to 
emerge from the cortex or make only short stubby growth . At high levels 
of Ca deficiency the root tips turn brown and die . (b) Ca deficient 
plants are characteristically of low stature as a result of failure of 
the internodes to elongate. Lower leaves may be abnormally dark green, 
while younger leaves formed during the early period of deficiency are 
more yellowish green . (c) Meristematic tissue is profoundly affected by 
Ca deficiency, and under extreme conditions the terminal bud may die. 
Hambridge (1941) reported that with red clover the symptorr~ of Ca 
deficiency are: (a) Chlorosis appears in the form of small white dots 
distributed irregularly over the entire surface of t he fullgrown older 
leaves. (b) After about eight days the dots become gray and the rest of 
the leaf appears grayish green and devitalized, though it does not die, 
(c) Man,y of the petioles of the older l eaves sudderJ.y collapse, allowi.ng 
l7 
the leaf to hang down, but. without. innnediate wilting of the leaf blade. 
After weral days these leaves wither and die. (d) Emerging young 
h:'lves ~main srr.all, undeveloped, unfolded, and tc,e petioles de n"t 
]eng"!: '"len . tlore new leaves emerge similarly in rapid successio: , forming 
a cl"ufl at the crown . 
L& rson (1928 ) report~d that lack of Ca in s olution cultur8 caused 
the leaves of alfalfa p ants to have a reddish tinge wh ich s pread to the 
mid~ib . Chang and Dregne (1955) reported that leaves of alfalfa grm1n 
on hi~h Nu ~Oil8 asswned a r8ddish crl~rAtion , whic-h wa~ fo:lr•:•i r;c 
, ,;ll,'lrse r1i' t..'1e pAtir;~eC!. Wh8thP .... -t'"~:i& ,,,::~s causeri Cir~: .. +.l: .. \~,.. "'~i­
toxicity , or indirectly by Ca deficiency or physiological drought. in~ 
ducej by Na soil is unknown. Chang and Dregne reported that such 
symptom-bearing alfalfa, collected from t.he Mes illa and Mimdres Valleys 
in New Mexico, appears to indicate tba t this reddish coloration was 
associated not only with high Na and low Ca but also with low Ha a nd 
low Ca . The investigations of Change and Dregne (1955a , p . 35) led thew 
to introduce the term "sodium-induced calcium deficiency" to indicate 
those situations where excessive exchangeable Na is responsible for Ca 
defi ciency; however, this does not exclude the possibility tha t excess 
Na in the "Lissue may a lso contribute to reduced growth of alfalfa . 
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ffiELIMINARY INVESTIGATIONS 
Upon consideration of the objectives of this investigatior and the 
review of literature, it became apparent that a series of preli.ninary 
investigations had to be conducted in order to establish a cul t.1ring 
systPm and associa ted experimental procedures . 
The main objectives of the preliminary investigations were as 
follows: (a) Develop a method which wou rl result in the establishment 
of various levels of soil Na in culture units aLeady ccntair.ir.;g; growing 
plants wiUh soil root systems of as nearly equal size as possi~le . It 
was hnped L~t this would establish a better control over the iLfluence 
of different sized r oot systems on the uptake of soil Ca , t o eliminate 
this influence , or at least t o be able to evaluate it . (b) Develop a 
plar:t cu l tu ring unit in which the alfalfa plant is growing both in soil 
and in nutrient solution. This makes it possible to make available to 
the plan t as much Ca as needed for normal growth independent of level 
of s oil Na , or reduce this readily available supply of Ca from the nutri-
ent solution to the point that to survive the plant must rely '-'pon the 
Ca available from the soil. At the same time all the other nutrient 
elements are supplied in the culture media to plants so that thay do not 
become a growth limiting factor . (c) Develop a reduced Ca nutrient 
solution which contains a mi nimum amount but still sufficient Ca t o 
prevent the death of the nutrient-solution roots" Also, knowledge was 
needed of the symptoms of Ca deficient alfalfa shoo ts and an idea as to 
the amount of Ca in the calcium deficient alfalfa shoots, (d ) Develop 
a method for adding radiocalcium to the soil as a carbonate at a suitable 
level of radioactivity f or radi ochemical analysis and radioautographs of 
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leaf a nd petiole tissue. 
Forming High Sodium Soils 
Tlvo procedures were initially tried jn order to form high Na soil. 
They were a s follows: (a) leaching the sodium carbonate from the sur-
face downward into 1300 g of soil contained in a one- quart polyethylene 
plastic container and (b) injecting the sodium carbonate solution into 
the soil to va rious depths through small glass tubes . 
As was more or less expected, the leaching method was not entirely 
satisfactory because insufficient Na ended up at t he lower depths of 
the soil mass . The injection method utilized six glass tubes having J,O 
mm outside diameter; three tubes were 9 , 5 em long, and three were 6 ,0 em 
long, The tube lengths were alternated, one every 60° in a circle whose 
radius was 3.3 em from the center of the container. The lower end of 
the tubes were sealed with a small amount of paraffin to prevent soil 
from entering the tube when it was pushed down into the soil until the 
top of the tube was level with the top of the container. A 21 guage 
hypodermic needle was cemented onto the upper end of the tube with a 
waterproof cement, The sodium carbonate solution was slowly injected 
into the soil through this hypodermic needle- glass tube arrangement 
using a hypodermic syringe . 
Four levels of exchangeable Na in the soil were to be estaohshed--
a control where no Na was added and a 15, 30 , and 45 percent level of 
exchangeable Na . In this first trial the amount of Na added per culture 
unit of 1300 g soil was 2. 354, 4 . 708, and '/ .062 meq Na/100 g soil , 
respectively. By chemical analysis t.'le resulting exchangeable Na per-
centages were 12 .6, 24 .0 , and 37 .4, respectively. This was about eight 
percent below what was wanted, so , as will be discussed later, more t han 
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this amount of Na was used in the final experiment. 
Figure 1 shows the distribution of total extractable Na by 
N/~ NH40Ac as a function of soil depth in the container obtained from 
the 30-ESP series . Each point is the average of f our sampling s i t es 
for a give n depth increment of 2.4 em. Sampling was doue two weeks 
after comple tion of Na addition, No plants were grown . The l oRest 
amount of extractable Na was in the surface i ncrement (0 to 2.4 em 
depth ) and increased with depth, reaching a maximum in the fourth depth 
increment which was just below the longes injection tu~es . 
The re ults from these preliminary investigations ~ndicated that 
the best method for adding the sodium carbonate to the soil would be a 
combination of the two methods , i.e,, add part by inj ection tubes to 
lower depths and add part by leaching from t he surface downward, 
Development of Plant Culture Unit 
The plant culture units were built from two one- quart polyethylene 
plastic containers, Figure 2 shows the design . The upper comra r tment 
is for soil and the lower compartment for the nutrient solution. The 
two compa rtments were separated by a membrane which was easily penetrated 
by plant roots. To construct the membrane a square of the plastic was 
cut out from the flat portion of the bottom of the soil compartment , A 
similar sized square of plastic was cut out from a lid . Four layers of 
absorbent gauze (mesh 20 x 12) was placed bevNeen these two parts . Then 
the soil compartment and lid with the absorbent gauze between them were 
wired together on the four sides . Holes of correct size were t hen put 
through the ljd part f or the air-vent tube and the aeration tube. The 
air-vent tube was made f rom half- inch diameter glass tube and pulled 
down to abcut a quarter-inch in diameter. The small end was pl aced 
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Figure 1 • Distribution of sodium in the soil mass obtained 
by the i njection :1ethod . 
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Figure 2. Design of plant culture unit . 
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through the hole in the lid for the air-vent tube and do~n into the 
nutrient solution compartment, but a bove the level of the nutrient 
solution . The upper end of the air-vent tube was taped securely to the 
outside of the soil compartment . 
A mixture of one part liquid r oofing tar and two parts 11Superla" 
parowax was melted toge ther at a temperature of 8o :t 5 c. The tar-
paraffin mixture was then applied a layer at a time to the at,sc;rbent 
gauze by a small paint brush . Sufficient layers of tar-paraff} we:re 
appljed to c over completely the t hreads in the gauze . The searrs hatween 
the soil compartment and Hd were also sealed . 1he comrleted s~il rom-
partment was then filled with water and tested for leaks . This compart-
ment was made completely water tight. Th i s procedure is similar in some 
respects to that developed by Hunter and Kelly (1946}. 
Figure 3 shows the distribution of alfalfa roo ts in the soil com-
partment and penetration of roots through the tar-paraffin-gauza 
membrane into the nutrient solution compartment . No toxicity efferts 
of t he tar on the roots were noted . The roots penetrated the rr.embrane 
so tightly that no soil particles were ever found in the nutrient solu-
tion compartment. 
There was space for 32 plant culture un~-~ in the growth chamber 
devel oped by DeRemer and Smith (1961). The aeration tube of each culture 
unit was connected by rubber tubing to a glass tube which lead to the 
outside of the growth chamber and to a manifold (see figure 4) and on to 
a common pipe . The addition, removal, and sampling of the nutrient solu-
t ions ln the lower compartment was accomplished by pressure or vac uum on 
the five-gallon bottles connected to the common pipe . 
The alfalfa plants were grown in the growth chamber under condi-
tions of 14 hours light at 82 F and 10 hours dark at 72 F. No attempt 
Figure 3. Distribution of alfalfa plant roots in the 
soil compartment, their penetration through the tar-
paraffin- gauze membrane , and development in the nutrient-
solution compartment. 
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was made t o control the relative humidi ty . The manifold was built so 
that aeration to each culture unit in the chamber could be individually 
regulated. 
Development of Reduced Cal cium Nutri ent Solution 
As previously pointed out, plants were to be grown under conditions 
of sufficient Ca and greatly reduced Ca in the nutrient solutions . ~1e 
preliminary investigation reported here was conducted to obtain t.he 
following information: (a) Evaluate the effect of reducing the avail-
able Ca in the nutrient solution compartment on alfalfa roots , "nd 
establish a minimum level of nut rient solution Ca in which there was a 
mir>inrum injury to the roots and minimum transport of Ca to the shoots . 
(b) Observe and record the shoot symptoms of Ca deficiency for alfalfa, 
and .relate the Ca deficiency symptoms to t.lle calcium content of the 
shoots and to the level of nutrient solution calcium . 
Ten plant cul ture units consisting of one-quart polyethyl ene 
plastic containers were equipped with a lid and aeration tube . The lid 
contained two holes which would hol d spl i t-cork stoppers for the alfalfa 
plants . 
Inoculated Ranger al falfa seeds were germinated. When the r oot s 
were about 3 .o em long, 20 uni fo rm seedlings were transferred to the 
culture unit containing a complete Hoagland and Arnon (1950} nutrient 
solution . See tabl e 1 for i ts composition . 
Two seri es of nutrient sol utions were tried , The series "A" con-
taine d 9.4, 15rO, 30 .0 , 45 .0, and 8o.O ppm Ca in an otherv1ise complete 
nutrient solution. None of these nutrient solutions produced Ca defici-
ent symptoms in the alfalfa shoots after 37 days ' growth and two shoot 
cuttings . Therefore , a series "B" nutrient solution containing 0 .0, 
Table 1 . Chemical composition of nutrient solution 
(based on Hoagland and Arnon, 1950) 
Nutrient stock solution 
KH2S04 
KN03 
Ca(N03) 2 
MgS04 
H3B03 
MnCl 2 7H20 
ZnS04 SH2o 
CuS04 5H20 
Sequestrene 330-Fe 
l M 
l M 
lM 
lM 
2. 86 g/l 
1.81 g/l 
0 . 22 g/ l 
0 . 08 g/l 
(10 percent Fe ) 20.0 g/1 
Milliliters of 
stock solution 
per liter nutrient 
solution 
l 
5 
5 
2 
l (0 . 5 ppm B) 
l (0. 5 ppm Mn) 
l (0 ,05 ppm Zn) 
l (0 . 02 ppm Cuj 
l (0 ,Ol ppm Mo) 
l (2,0 ppm Fe) 
Total amount of ro4 = 95 .o ppm, N03 ~ 620 .o ppm, 
Mg ~ 48 ,6 ppm, Ca E 200 .4 ppm, and K E 234.6 ppm. 
1 .9, 3.7, 9. 4, and 15 .0 ppm Ca was used on the same plants. After 15 
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days on these nutrient solut ions, plants growing in the 0.0 and 1 .9 ppm 
Ca began to show symptoms of Ca deficiency, characterized by improper 
unfolding of the very new leaves whose color tended t o be l ight green . 
Figure 5 shows alfalfa plants growing on the 1.9 ppm Ca nutrient 
solution, It can be seen that lack of Ca resulted in improper unfolding 
and stunted growth of new l eaves on apparently initially normal petioles . 
Often however, in a few days the petiole suddenly collapsed and let the 
leaf hang down , and t hen in a few more days the leaf died , Note should 
28 
Figure 5. Alfalfa plants showing Ca defi.c.iency in the shoots . 
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also be taken that there was no significant stem development whatsoever. 
Figure 6 shows alfalfa leaf and petiole samples which show different 
aspects of a Ca deficiency in more detail. 
Slight Ca deficiency developed after the first cutting on the 3.7 
ppm Ca nutrient solution, but the alfalfa growing in cultures where the 
Ca level was 9.h and 15 .0 ppm appeared normal. After the first cutting 
of the shoots the plants on the 0 .0 and 1.9 ppm Ca did not make much 
growth and appeared t o be dying . 
The nutrient-solution roots of plant~ growing in the 0 .0 and 1.9 
ppm Ca nutrient solutions did not make a ny further growth and hgan 
turning br ownish, but roots in 9 . h and 15 .0 ppm Ca a ppeared normal 
although little growt h, if any, was noted . This was more than like l y 
due to space limitations rather than nutrient availability . These re-
sults are basically in agreement with Larson (1928) , who found tha t with 
0 to 2 ppm Ca the plants died within two weeks while with the 4 to 8 ppm 
Ca the plants managed to live for a while longer, but eventually died. 
Chemical analysis of the alfalfa shoots from these nutrient solu-
tions were run for Ca, Mg, K, and FOh , Ca content of the shoots is of 
particular interest here and is presented in figure 7. The fi t:ure shows 
that theCa content of shoot tissue greatly increased (from about 15 to 
60 meq/100 g dry tissue) when the Ca content of the nutrient solution 
was raised from 9 .4 ppm to 30 ppm . Between 30 and 80 ppm in the nutri-
ent solution the Ca content of the shoots increased slibhtly to 61 .4 
meq/100 g dry tissue. When the Ca content of the shoot tissues was 
decreased from 61.4 to 9 .1 meq/100 g dry tissue, it was f ound that the 
Mg content increased from 77.1 to 94 .4 meq, the K content dec r eased from 
165 to 128 meq, and the P04 remained essentially constant a t about 20 to 
25 mM/100 g tissue. 
Calcium Deficiency in Alfalfa 
1 . Norma1 leaf -~ 
2. Apica1 tissue 
J. CalciUM deficient leaf Without 
collapse or petiole 
4. Colufil!@ ar petiole ot older loaf 
on caLcium deficient Plant 
r 1 
T I 
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4 
Figure 6. Alfa:fa leaves and petioles sho1dng the different aspects of Ca deficiency. 
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From the above data and observations on t he effect of low Ca Gon-
tent of nutrient solution on shoots and r oots, it was dec i de d that the 
reduced Ca nutrient solution of the main experiment should conta in abou t 
10 ppm Ca . Such a level should be suitable to maintain root l ife w:\. th a 
low , but life-sustaining, level of Ca in shoot tissue, which appears to 
be about 15 meq Ca/100 g dry shoot tissue. 
Establishing Suitable Level of Soi l Ca4~ 
The final prel:iJni nary i nvestigation was designed to i nt g'"> te th~ 
previous inves tigations with the use of various levels of radiocalcium, 
Ca45. In effect, it was a miniature of the proposed mai n exper iment . 
This investigation thus finalized the method of plant cult ure uni t con-
struction, the levels of soil Na to be used, the level of soil Ca45, and 
procedures for chemical analysis of plants, nutrient solution, and soils. 
From this investigation the procedures for obtaining radioautographs of 
leaf and petiole samples were worked out as well as procedures of radio-
chemical analysis of tissue samples. Also obtained was preliminary 
information on effects of soil Na and reduced Ca in nutrient solution on 
the chemical composition of the plants . 
The final preliminary investigation was set up using only six plant 
culture units of 1300 g of the less than l mm2 soil separate of Nibley 
gravelly sandy loam. Three levels of Ca45 were used: 5, 15, and 40~c 
Ca45/l00 g soil in duplicate . Three Ranger alfalfa plants were estab-
lished in each culture unit on non-sodic soil and a complete nutrient 
solution. 
After 32 days of growth, leaf and petiole samples were taken from 
the upper and lower part of a given plant from each Ca45 level for 
radioautographs, using methods suggested by Herz (1951) . The shoots 
were then cut , dried , and separated into leaf, petioles, and stems for 
chemical analysis and radiochemical analysis . 
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Following this first cutting , Na2C03 was slowly leached and in,jected 
into the soil of three units (required 23 days for compl etion) . Three 
levels were used: 3 .173, 6.345, and 9. 519 meg Na/100 g soil . One Na 
level was applied to each l evel of ca4S . There was a Ca45 level and 
soil Na level interaction which was of no particular interest here . The 
other three culture units of three levels of Ca45 received no Na and 
remained on complete nutrient solution. After completion of adding the 
Na to the soil, the shoots were cut and discarded . T'ne plants were then 
grawn for 16 days under conditions of added soil Na and complete nutri-
ent solution f or observation of effec t of soil Na on grm1th and chemical 
composition of shoot components. After this cutting the nutrient solu-
tions for the three levels of soil sodium were changed from "compl ete 
Ca" to "reduced Ca 11 t o obser ve the effect of Na plus lack of available 
Ca from nutrient solution on plant growth and chemical composition, Two 
shoot cuttings were made under these conditions . Root samples from 
nutrient solutions were also taken f or radioautographs . 
The perti nent results of this final preliminary investigation other 
than func tioning as a "dry" run of the final experiment will now be 
considered . 
As pointed out before, information was desired on the l evel of soil 
Ca45 needed to give a suitable level of radioactivity for the radio-
chemical analysi s as well as f or obtaining radioautographs of leaves and 
petioles within a reasonable l ength of time . To obtain the needed in-
formation , it was necessary to examine samples from the soil Na treat-
ments and the oldest plants, which were 132 days old (Ca45 was then 136 
days old) . These leaf and petiole samples from the six culture units 
~4 
were exposed to X-ray film for 20 ctays before be ing devdoped. A stuciy 
of t he c'ensity of the exposed area indi cated tna t a level of a L:mt .1..51'-G 
Ca45/100 g soil would give a good r adioautograph for the interr.ed<ate 
level of soil Na utilizing an exposure time of 20 days. 
Since radiochemical analysis of the nutrient solu tions sho:1ed that 
Ca45 was coming from the soil into the plant and then out. of the plant 
lnto t.he nutrient s olutio"! it was decided that radioautographs of tna 
nutrient- solution r oots were warramed . Studies by Biddul ph et al. 
(19=-''l) !'<howed tha t in thf' ean plant Ca "is not. immobile in th" phlG•;m, 
it :s the volum~; of flow which is small . " Fl.gt.~e ii snows ._)le r-.dC:.•:.-
autographs of a sample of roots from the nutrient solutions and indicate> 
how Ca45 moved from the soil into the plant and down in t o the r.::o w in 
the nutrient solution compartment . It was also noted tt:at ther3 were 
areas on the roots which have a higher content of Ca45 . Micro~copic 
examina tion of these spots showed them to be characteri~t.ic of ~~n:ature 
nodules formed on alfalfa roots by nitrogen fixing or ganisms , 
Figure 9 shows the relationship between the specific actiYity of 
Ca45 i n alfalfa leaves, petioles, and s tems and amount of Ca45 added to 
non- sodic soils . As should be expected a linear relation was shrrnn to 
exist. The figure also shows that l eaves accumulate a l ittle rr.ore Ca45 
than petioles and much more than s t ems . 
From the above information on radioautographs, Ca45 distribution in 
the shoot components, and beta particle counting rates, it was concluded 
that a so il containing initially a bout 20~.c Ca45/100 g soil s houlct be 
suitable in all respects , including the time e l ement, in conducting the 
experiment and completion of radiochemical ana2.ysis . 
Another purpose of the final prelimina ry investigation was to see 
if sufficient alfalfa tissue samples for chemical analysis wo~ld be 
,.. ... -:.·1-<~ t. TY-f ILM -N :. 
) 
Figure 8 . RadioautograP:,s of alfalfa roots from the nutrient 
solution compartment. 
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obtained from t!le hl.g' E' s t. soi 1 Na l cl'ml when the •lants were a l3o placP•! 
on the r educed Ca treatment for u,, n>J t.rient solut.i.ons. Sufficiant 
samples of the shoots components Wf>re obtainfd and the results of 
analysis for t otal Ca content of the l eaves and stem are shorm in 
figure 10, It should be expected that the Ca content of the ti JSUci 
··;auld decrease with inc rea sing so i1 exchangeable Na percentage ; conse-
quently, wl:en the Ca content .increased at th~ higllest level of soil 
sodi'.J.m, this was unexpected. Howev.::r, i.t • is 5~Hle 1.t:enomcnon was a l so 
obscr~:ed in the JM.in experiment and hp,pc:,::: pr01"0 '~ '~ reasons for it will 
be ciscussect later . 
Af ter removal of the plants the soils wt>re dr1ed and a pro5ram t'or 
the chemical analysis was worked out. Since the program was the same as 
was used for the main experiment, it will he discuflsed later under 
procedures for the main experiment . 
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EXPERIMENT OUTLD!E !\ND FROCEIURES 
Upon completion of the above series of preliminary investigations, 
a final experiment outline and the associated procedures were developed . 
Figure ll presents the flow sheet for the experiment. The following a!'B 
the procedural details referred to in the flow sheet . 
Procedure Details 
Procedure 1 
The soil used in the experiment was the fraction of a Nibley 
gravelly sandy loam that would pass through a 1 . 0 mm2 screen . This soil 
was sel ected because it was nearly non-ca lcareous, non-saline , non-
sadie, l ow in gypsum, and of a sandy loam texture . The surface soil 
came from Sl3RlONRlW, Cache County, Utah . The chemical analysis and 
mechanical analysis of this soil are presented in table 2. Thirteen 
hundred grams of air dry soil was used pe r cultur e unit (figure 2) . One 
9 .0 em long (3 mm outside diameter) glass injec~ion tube was centered in 
each culture unit . 
Procedure 2 
Preparation of Caco3 tagged with Ca45 was based on methods used by 
Har ris et al. (1952). A rack for holding ten 50-rnl glass test tubes was 
built with C02 bubbling tubes in each pr ecipitation tube in banks of 
five tubes each. Arrangements were made for measuring co2 pressure in a 
water manometer and associated pressure regulating valves . 
Each test tube was charged with 17 ml of CaCl2 solution containing 
221 g CaCl2 'H~ per liter . One milliliter of concentrated NH40H was 
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Homogeneous soil Procedur e l 
32 culture unit s - 1300 g soil each 
.-!. Add CaC03 tagged w ~th Ca4S Procedure 2 
.!-
Three alf alfa plants per culture unH (Planted May 23 , 1963) Procedure 3 
~ Harves t of July l (39 aays old ) Procedure 4 
Harvest of July 16 (54 days old, - Na.J, +Ca data) Procedures S, 7, and 8 
.j, 
lS days{ growth 
8 cultt re units 24 cul t i re units 
Non-stoic soil Formation of sodf c soil Procedure 6 l. From August f to August 28 
Ha rvest of August 29 discarded One cut -back t o ~antral height of 
- ~ plants, August 10 
Har ves t of August 29 discarded 
Trt. -----7 .r-..x...--, 
Cult . 
Unit 
Nos . 
ll 12 13 l h 
21 22 23 24 
31 32 33 34 
41 42 43 44 
l 
28 
38 
48 
Harvest of September 12 (112 days old, ~Na .. ca d& ta ) Procedures 7 and 8 
Harvest of September 28 (128 days o1~ , +Na .. ca data ) Procedures 7 a nd 8 
Nutrient solution treatrrints begin September 29 
Procedure 9 "+Ca 11 on Trts . /fl., 3, S, and 7 
11
-Ca 11 on Tr ts. #2, 4, 6 , and 8 
.J. 
Harvest of October 15 (145 days old , +Na :tea data) Procedure 10 
Harvest of October 31 (161 days tld, +Na !ca data) Procedure 8 
HaF>est of Noverrber 16 (177 days i1d, +Na i Ca data} Procedure 10 
Harvest of December 1 (192 days ild, +Na ±ca data ) Procedure 8 
Final shoot harvest of December 21 (~12 days old, +Na !Ca data ) Procedure 8 
;). 
Harvest of crowns, so il r oot, and nutri ent-sol ution r oot 
Procetre l l 
Soil analys i s Proceduce 12 
Figure 11. Flow sheet for the experiment. 
Table 2, Initial chemical and physical properties of the soil 
Chemical properties 
Exchangeable ion 
% 
Na 0,91 
K 5.90 
Ca 82 ,31 
Mg 10,86 
o~~er properties 
Water soluble ions, 27% H2o 
meq/100 g soil 
Na 0 . 18 
K 0,04 
Ca 0. 7l 
Mg 0 .05 
Cation exchange capacity= 11,75 meq/100 g 
Alkaline-earth carbonates = 1. 25 percent 
Gypsum = l percent 
Organic matter = 1.14 percent 
Electrical conductivity of saturation extract, ECe o 0,51 mmhos/cm 
Sodium adsorption ratio, SAR = 1.49 
]il of saturated paste = 7 .~5 
Water saturation= 23 percent 
Mechanical analysis, pipette method 
Particle size range Particle size 
mm percent 
>2.0 5.5 
2.0 - 1.0 5 .4 
1.0 - 0.5 27 .0 
0 ,5 - 0 , 25 19 . 4 
0 , 25 - 0 .10 4.3 
0 .10 - 0 .050 5 .9 
0 ,050 - 0 .020 7. 4 
0.020 - 0.010 8 . 2 
0 ,010 - 0 . 005 4.4 
o ,oo5 - 0 .002 3 . 8 
0 ,002 - 0 ,001 2.4 
0 .001 - 0.0005 1. 8 
0 ,0005 - 0 .0002 0 .7 
<0,0002 9 . 4 
41 
added. Finally, 3.000 ml of CaCl 2 tagged with 0 . 2857 me of Ca45 was 
added . 
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The pr ecipitation tubes were attached to the rack and C02 was 
bubbl ed through the liquid using a pressure of 8 to 10 inches of water. 
The five tubes within the left and right bank were rotated 1'1ith respect 
to position on the rack every 15 minutes. At t his time 1.0 ml of con-
centrated NH40H was added . Tubes continued to be moved along the rack 
until t ube #l ended up in position #5, and, a total of 75 minutes of 
bubbliqe C02 had elapsed. 
The precipitate was centrifuged at 1000 r.p.m. for 10 minutes. The 
excess liquid was decanted off . TheCa content in the decanted liquid 
was zero according t o the EDTA procedure to determine Ca. The preci pi-
tat e was thoroughly crushed and made fine textured while in the tube. 
The mean weight of CaC03 per tube was 2,322 g and the coefficient of 
variability was 1 . 75 percent. 
One tube of tagged CaC03 was thoroughly mixed with each 1300 g of 
soil in a hood constructed to handle radioactive dust. After thorough 
mixing, the soil contained 22 :!: l percent ..f'\ c/100 g of soil. 
Procedure 3 
The 32 plant culture units were placed in the growth chamber and 
eight i noculated Ranger alfalfa seeds were planted in each culture unit 
and the moisture content adjusted to about field capacity. After the 
first true leaves had unfolded, three uniform size plants were selected 
pe r culture unit and the remaining plants were removed. 
Complete nutrient solutions (Hoagland and Arnon, 1950) were pumped 
int o the lower nutrient solution compartment of each culture unit 
through a glass pipe distribution manifold as shown in figure 4, page 25. 
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Table 1, page 27, presented the initial chemical composition of the 
complete nutrient solution used. 
The pH of the nutrient solution was maintained at 5.0 to 6.5 by 
additions of 0,1 ~ HzS04 as needed . The nutrient solutions were changed 
about every 15 days or at the end of a growth period . Continuous aera-
tion of nutrient solutions was made through the same glass ~ipe manifold 
as was used to add or remove nutrient solutions from the lower compart-
ment of the culture units without having to take them apart, except for 
occasional cleaning of the compartment and aeration tube . 
Procedure 4 
Alfalfa shoots were harvested and total yield of oven dry (65 C) 
shoots was determined . The plant tissue samples were not chemically 
analyzed. 
Procedure 5 
Alfalfa shoots were harvested and the total yield of shoots from 
this cutting were combined with the yield data from procedure 4. This 
information was then used to establish four blocks to which the future 
eight treatments combination would be randomly applied. 
The oven dry alfalfa shoots from this harvest were designated as 
first growth period with a -Na .ca treatment, meaning that the Na has 
not been applied to the soil and that sufficient Ca was being supplied 
by the nutrient solution . Thus , this first growth period yielded 
plants being grown under ideal conditions of nutrient availability, 
temperature, and light. The shoots were separated into leaves, petioles, 
and stems according to procedure 7 for chemical analysis according to 
procedure 8 . 
One plant in each culture unit was tagged so that a leaf and 
petiole sample could be taken from the same plant at every harvest for 
radioautograj:tls. The uppermost fully developed leaf and petiole were 
taken each t irre • 
Procedure 6 
The level of soil Na was gradually raised over a 29-day period . 
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Three levels of exchangeable Na percentages were aimed for: 15, 30, and 
45. Preliminary investigations showed tha~ the Na2co3 requirement 
should be 2.186 , 4 . 372, and 6.56o g per culture unit of 1300 g soil for 
t he respective Na levels. This amount of Na2co3 was sufficient to 
slightly excess. The Na2C03 was dissolved in 500 ml of distilled water 
and was applied to the soil in aliquots of 20 ml to surface and 5 . 0 ml 
to lower depths by means of the injection tube. Aliquots of distilled 
water were used to cause leaching, but excess water was avoided to pre-
vent water-logging of the soil . During this process the plants were 
kept as large as possible to allow rapid uptake of soil moisture . At 
completion of the process the plants were cut and the shoots were 
discarded . 
Procedure 7 
The alfalfa shoots were oven dried at 65 c . The leaves, petioles, 
and stems were then carefully separated . The tissue separates were com-
pressed into pellets of not more than about 1 g each by means of a metal 
cylinder and piston arrangement and Carver hydraulic press . The tissue 
pellets were stored in small paper envelopes, and re-dried just prior to 
chemical analysis . 
Procedure 8 
The sequence of chemical analysis of alfalfa tissue samples is as 
follows: Tissue sample 
t Sample weight at 65 C 
Wet ditestion 
Sample in 
total d'a 
!a 
~ 
.. Mg 
100 ml volume 
The methods of chemical analysis a re based essentially on methods 
presented in U. S . D. A. Handbook No. 60 (Richards, 1954) . 
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Wet digestion. A pellet of plant tissue of known weight (dried at 
65 C) was placed in a 125 ml conical flask. About 15 ml concentrated 
HN03 was added and covered with a small watch glass and allowed to stand 
until initial reactions subsided. The flask and its contents were 
heated at a low temperature in a hood until solid particles had nearly 
disappeared . The contents were then cooled and 3 ml of 72 percent HCl04 
was added. Heat was then administered, gently at first, then more 
vigorously (180 to 200 C) unt il a clear colorless solution resulted . 
Further additions of HCl04 were used when necessary . Heating was con-
tinued and volume was reduced to approximately 3 ml . 
The contents of the flask were cooled and transferred quantita tively 
to a 100 ml volumetric flask . The flask rinse water was used to make 
the acid digest to volume . The flask was shaken and allowed to stand 
overnight before being filtered through a dry #42 Whatman filter paper 
into a 100 ml storage flask. The filtrate was used for quantitative 
analysis for Ca, Mg, K, Na, P04, and Ca45 . 
Calcium and magnesium. A 5- t o 20-ml aliquot of the acid digest 
was used for determination of Ca plus Mg . The aliquot size depended 
upon sample size and estimated content of Ca plus Mg. No P interference 
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was observed so that the aliquot was placed directly in a 125 ml 
Erlenmeyer flask , Final volume was adjusted to 25 ml with distilled 
water. About 1 ml of 50 percent triethanolamine solution and 10 ml 
ammonium chloride-an~onium hydroxide buffer solution containing 1 per-
cent potassium cyanide by weight was added, Six to eight drops of 
Eriochrome Black T indicator which also contains 4 . 5 percent hydroxyla-
mine hydrochloride by weight in 95 percent ethanol was added last. The 
solution was then titrated against 0 .02 N ethylenediaminetetraacetate 
(EDTA) solution to a blue color. 
Another suitable aliquot of acid digest was used for the Ca dcter-
mir>.ation . The aliquot was transferred to a 125 ml Erlenmeyer flasl: , 
Final volume was adjusted to 25 ml with distilled water . About 1 nl of 
the triethanolamine solution and 10 ml of 4 ~ NaOH, to raise pH to 12 . 5 
to 13 was added. About 25 mg of the Dye of Patton and Reeder or HHSNN 
was added last . The solution was titrated against 0 ,02 ~ EDTA using a 
tungsten filament lamp to a lavender color . The first titration reading 
was for Ca plus Mg and the second titration was for Ca only, The dif-
ference gave the reading for Mg . The concentration of Ca and Mg was 
then expressed in milliequivalents (meq) of ion per 100 grams of dry 
tissue . 
Radiocalcium. The selection of aliquot size (usually less than 25 
ml) of acid digest depended upon the counting rate desired and level of 
K and Na, since these elements were det ermined on the fi l trat e fran the 
Ca45 determinations . 
The number of milliequivalents of Ca in the selected aliquot r:as 
calculated from data on the determination of Ca by EDTA, multiplied by 
ten and subtracted from four, which gave the number of milliliters of 
O. l ~ CaC12 required as a carrier in the precipitation of Ca as an 
oxalate. The total amount of Ca required was 8 ! 0.2 rng for a disk of 
precipitate of 180 rnrn in diameter and was constant for all samples, as 
suggested qy Cornar et al . (1951). 
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The precipitation of Ca as an oxalate follows basically the method 
described by Norris (1953). The qliquot was placed in a 50 rnl Erlen-
meyer flask, required milliliters of 0.1 ~ CaCl2 carrier were added, and 
final volume was adjusted to about 30 rnl. One milliliter of acetic acid 
(1 + 4) and two ctrc;ps bromcersol green indicator was added. The solu-
tion was then heated to 80 to 90 C on a hot plate . Three milliliters of 
saturated (NH4) 2c2o4 was added. While maintaining the temperature , 
N'140H (1 • 4) was added dropwise with mixing to raise the !il slowly up 
to 4.5 to 5.2 or a yellow-green color . Heating was continued for 10 to 
20 mirrutes with further additions of NH40H as required to maintain the 
yellow-green color. The flask was then removed from the heat and a few 
more drops of NH40H were added to give a light bluish color. The pre -
cipitate of calcium oxalate was then allowed to stand overnigh t 
protected from dust . 
The precipitate was collected by light vacuum filtration on a disk 
of filter paper designated for "fine precipitate" using a metal holder 
similar to that described by MacKenzie and Dean (1948) which gave a disk 
of precipitate 180 mm in diameter. Washings of the precipitation flask 
were made with NH40H (1 + 49) . Each filtrate and washings were combined 
and saved for determination of Na and K. The preciritate was distributed 
as evenly as possible qy resuspending the prec ipitate without a vacuum, 
then applying a light vacuum to settle the precipitate evenly over the 
filter paper disk . The vacuum was stopped as soon as excess NH40H was 
removed to prevent any drying of the filter paper . 
While t he filter paper and precipitate were quite damp, it was 
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ca r efully removed from the metal holder and excess paper was cut off 
from around the disk of precipi tate . Rubber cement diluted with 
benzene was used to fix the disk of precipitate and paper to a 1- by 
3-inch glass sljde in a position required to hold geometry of the 
precipitate-radiation detector tube constant for all samples . The pre-
cipitate and paper were allowed to drJ thoroughly before counti ng . 
The beta particle radi ation from the decaying of Ca45 was detected 
wit h a thin end-windaw (<. 2-4 mg mica/cm2) Gelger-Mueller detector tube, 
and recorded with a Nuclear I nstrument and Chemical Corporation, Model 
165, s cal i ng unit . All c ounts per minute Here corrected for ba ckg:·ound 
radiation, corrected to "zero " time, and recorded as counts per minute 
per gram or curies per gram of tissue . 
Sodium and potassium. The filtrate from the Ca45 determination was 
used for Na and K determination . The filtrate received 5 .0 ml of con-
centrated HN03 and was slowly evaporated to dryness on a hot plate at a 
temperature of 80 C in a hood , After completion of first evaporation 
the sides of the beaker were washed dmvn with about 5 . 0 ml of dilute 
HN03 and again evaporated to dryness. The residue was then taken up in 
5 ml of 1 .0 ~ HCl and filtered through filter paper into a 100 ml 
volumetric flask . Water washings of beaker and filter paper continued 
until the chloride test by silver nitrate was negative. The internal 
standard LiCl was then added to give a concentration of 5 . 0 rneq Li/1 in 
the flaming solution , The volumetric flask was then made to exact 
volume with distilled water , 
Na and K were determined by flame photometry using a Perkin Elmer 
Flame Photometer, Model No . 52C . I nstrument readings for standard solu-
tions and unknow1m were determined with the wave-length indicator set at 
the point corresponding to the Na emission maximum at 5 , 890 A or K 
emission maximum at 7,680 A. All Na standards contained 1,0 meq K/1 
to compensate for the high K content of the tissue samples, as well as 
5 .o meq Li/ 1 as internal standard. 
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The concentration of Na and K in the flaming solution was deter-
mined f rom s~ndard curves and expressed as milliequivalents of ion per 
100 grams of dry plant tissue. 
Phosphate, An aliquot of the acid digest containing 0 . 002 to 0,020 
millimoles of P04 was transferred to a 50 ml volumetric flask , A series 
of standards 0 ,0, 0,005, 0.10, 0.015, and 0.0 20 millimoles of P04 were 
likewise set up in 50 ml volumetric flasks for the standard curve, To 
each flask was added 5 ,0 ml each of sulfuric acid (l + 6) , ammoniun 
vanadate (0, 25 percent), and ammonium molybdate (5,0 percent), succes-
sively, with shaking the flask during each addition, The flask was then 
made to volume with distilled water and allowed to stand 15 to 30 min-
utes. The transmittance was measured at 4,000 A using a Beckman Model B 
spectrophotometer and using the 0.0 ro4 standard as a blank, From the 
standard curve the P04 content of unknowns was determined and expressed 
as millimoles (mM) of F04 per 100 g dry tissue. 
Procedure 9 
Upon completion of the third growth period the complete or reduced 
Ca treatment of nutrient solutions was begun. At this time all culture 
units were opened up and the rrutrient-solution compartments were 
thoroughly cleaned and the holes in the aeration tube were cleaned and 
checked . Those units that were to receive the reduced Ca treatment 
(even numbered treatments} were treated as follows: 
a. Nutrient-solution roots were washed three t imes with tap 
water followed by three washings with distilled water with 
draining of excess liquid from roots between each washing . 
b. The previousl y cleaned nutrient- solution compartment was then 
filled with distilled water and the roots returned and unit 
cl osed . The cultur e unit was then returned to the growth 
chamber and aerated for 30 minutes . 
c . Then the distilled water was pumped out of t he nutrient-
solution compartments and new distilled water was pumped into 
the unit and again aera ted for 30 minutes , 
d . The distilled water was again p1mped from t he units. The 
reduced Ca nutrient solution was then pumped into the culture 
units, and final aeration adjustments were made . 
e . After 48 hours this first batch of reduced Ca of the nutri ent 
solution was pumped out and replaced by new reduced Ca nutri-
ent solution . Th.e above procedure should have been effective 
in removing excess Ca from container, liquid transfer tubes, 
and surface of plant roots, 
so 
The reduced Ca nut rient solution had the same chemical composition 
as the comple t e nutrient solution discussed under procedure 3, except it 
conta i ned ll ± 1 ppm Ca and a little less nitrate , This small amount of 
Ca was effective in preventing death of nutrient- solution roots, but not 
enough for normal shoot growth . 
Procedure 10 
Comparison of yields from t his growth period appeared to be nearly 
identical with the yields of the previous growth period, indicqting that 
the reduced Ca treatment had not yet affected the shoot growth. Conse-
quently, no chemical analyses were rrade on this cutting , 
51 
Procedure ll 
Upon completion of the eighth and final growth period the yield of 
the plant crowns, soil roots (the roots that could be separated 1rom Lne 
we t soil ) , and nutrient-solution roots was determined after drying in an 
oven a t 65 c. 
The upper thicker portions of the main tap roots from the non-sadie 
soils were saved for chemical analysis for Ca, Mg, and Ca45. 
Procedure 12 
The soils r1ere dried in the growth chamber for about 3 weeks. The 
soil was then transferred to a 1000 ml beaker and dried at 105 to 110 C 
in drying oven. After drying, the soil was ground up to pass through a 
1.0 nun2 screen and again thoroughly mixed and returned to a polyethylene 
container and sealed, All grinding and mixing of radioactive soil were 
done in an appropriately designed hood to control dust contamination , 
Soil analysis followed the flow diagram shown in figure 12. 
Total extractable ions. To obtain total extractable ions, about 50 
g air dry soil was placed in 150 ml beaker and dried at 105 C and then 
the exact weight of the oven dry soil sample was obtained. The extrac-
tion procedures of Bower et al . (1952) were used as a guide . Forty 
milliliters of neutral normal NH40Ac was thoroughly mixed with the soil 
and allowed to stand overnight . 'Ihe soil was then transferred quantita-
tively to a Buechner funnel with a stream of Ml40Ac . The NH40Ac was 
allowed to leach slowly through the soil into a suction flask . After 
dripping had ceased, suction was applied for about 30 seconds to remove 
excess NH40Ac from the s9il . Another 40 ml NH 40Ac was applied to the 
top of the soi l and allowed to leach slowly through. The leaching pro-
cess was continued for a total of eight times using 40 ml NH40Ac per 
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Extractable ions 
==r 
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volumetric volumetric 
flasJ flask I 
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storage 
bottle 
u 
callS 
Figure 12. Flow sheet for soil analysis. 
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leach:ing. 
The NH40Ac leachate was quantitatively transferred t o 600 rnl beaker 
and 15 rnl concentrated HN03 was added and slowly evaporated to dryness 
on a hot plate in a hood. The sides of the beaker were then washed down 
with distilled water and another 5 ml of HN03 was added, covered with a 
watch glass and again slowly evaporated t o dryness. Finally, about 5 m1 
of 70 percent HCl04 was added and digested at a temperature high enough 
to get organic residue breakdown and a clear solution resulting, The 
solution was then transferred quantitatively to a 100 ml volumetric 
flask. After standing overnight it was filtered without washings into 
a clean storage bottle. 
After being leached on the Buechner funnel with l'H40Ac, the soil 
was leached with 0 .1 N HCl a total of eigj1t times using 40 ml acid per 
leaching, utilizing the same procedure as for the NH40Ac leachings. The 
acid leachate was then treated exactly the same as was the NH40Ac 
leachate, finally ending in the storage bottle. 
Water soluble ions . For each soil sample the water soluble ions 
were extracted using three moisture levels 27, 29, and 31 percent water 
~ weight . The extract was obtained by vacuum from two samples of 200 
g soil each containing the required amount of water and that had been 
thoroughly stirred and allowed to stand overnight and again thoroughly 
mixed to assure an equilibrium state. 
The !iJ: of the pastes and of the water extracts was determined as 
well as the electrical conductivity of the extracts. 
Suitable aliquots of the water extracts were transferred to 125 ml 
Erlenmeyer flasks and treated with HN03 and HClo4 to oxidize all organic 
matter, then made to 100 ml volume in a volumetric flask . 
Chemical analysis of total extractable ions and water sol1.1ble ions 
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consisted of determinations for Na, K, Ca, Mg, and Cah5 as described in 
Procedure 8. 
R changeable cation percentages . Exchangeable Na, K, Ca, and Ug 
rercentages were calculated from data on total ex.trart.able (ext - ' and 
water soluble (sol.; ions at the 27 percent moisture level according t.o 
tne f Hawing relationships 
a. Rxcnang able Na, Kxch. Na ~E.~·. ,,a -Sol. Na 
Exchangeable Na percentage, ESP • Exch. Na L00 
' CEC 
'1/here CEC is the cation exchange capacity of 1.he soil 1'\8 
mP-asured by replacement o adsorbed Na (!H % b,2) by N/.!,; N:.J40Ac 
b, Exchangeable K, Exch, K Ext. K - Sol , K 
Exchangeable K percentage, EI'P ~ Ex~~_! 100 
c. Exchangeable Ca percentage was estimated from the relationships : 
(Exch . Ca + Mg)calc. • CEC - (Exch, Na ~ Exch, K) 
(Exch, Ca)calc . = (Exch, Ca • Mg)calc . L_~) 
't:!a f Mg deter. 
Adjus .ment is based on the relative proportion of Ca and Mg 
present in replacing agent. After Chang and Dregne (1955). 
Exchangeable Ca percentage ECP = Exch • Ca 100 
CEC 
d. Exchangeable Mg percentage was estilll9.ted from the relationships : 
(Exch. Ca ~ Mg)calc . ~ CEC - (Exch, Na • Exch. K} 
(Exch, Mg)calc. = (Exch, Ca • Mg)calc. (~) 
Ca • Mg deter . 
Exchangeable Mg percentage , EMP • Exc~c Mg 100 
Sod um adsorption ratios. The sodium adsorption ratio (SAR) was 
calculated for each soil sample according to the equation: 
Na 
SAR -
-Jc +> M •• .a + g 
--2--
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where ion concentrations are in meq/1 of water extract . 
Alkaline-earth carbonates. Alkaline-earwh carbonates were deter-
mir.ed by acid neutralization. A known weight (about 10 g~ of oven dry 
s oil was placed in a 150 rnl beaker and 25 rnl of HCl (,!! = 0 . 2950) was 
added, covered with a watchglass, and gently boiled for 5 minutes. The 
beaker and contents were cooled, filtered, and all acid washed from 
filter paper and soil . The amount of unused acid was determined by 
back-titrating with NaOH(,!! ~ 0 . 2163) using phenolphthalein as the indi-
cawor . The Caco3 equivalent in percent equals (meq HCl added = meq 
NaOH used) times 5/weight of sample in grams. 
Butyl-Alcohol Fractionation of Water Extracts 
As pointed out in the review of literature, previous work indicated 
that one should expect the amount of water soluble Ca and Mg in the soil 
to decrease t o a low concentration and remain low as the level of ex-
changeable ~~ percentage increases. Consequently, with this soil when 
jt was found that at the highest level of exchangeable Na percentage t he 
amount of supposedly soluble Ca and Mg showed an increase , an explana-
tion had to be found. The explanation apparently lies i n the formation 
of a divalent cation-organic material complex of undetermined nature, 
Tl'.e procedures developed and used to prove this point were based on the 
insolubility of the organic dispersed material in rutyl-alcohol. The 
normally water insoluble soil organic matter was put into solution to a 
consideraple degree by the caustic nature of the high Na soils , 
The 29 percent water extract from tl1e soils was used in the butyl-
a l cohol fractionation procedure. From the fractionation procedure two 
fractions were obtained; one called the EA-fraction, which was material 
soluble in the butyl-alcohol, and the second fraction was called the 
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OM-fraction which was the organic material not readily soluble in butyl-
alcohol. 
'~'he details of the fractionation procedure developed are as fol-
lows, A 5 !!'~ aliquot of a water extract was transferred into a 15 m1 
conical centrifuge tube. Five ml of butyl-alcohol was added, tube 
steppe ed, and shaken by hand fo r about 30 second. The stopper was 
rel!'oved and the tube centrifuged at about 1500 r.p .m. for 3 minutes, 
The butyl- alcohol is then carefully pipetted off and transferred to a 
150 ml beaker . Care was taken not to disturb the lower water phase. 
Ynis process was repeated five times; by the last washing the or~anic 
material was precipitated in the centrifuge tube and was termed the 
OM-fraction . 
The BA-fraction was then treated by adding 3 ml of concentrated 
HN03 and slowly evaporating to dryness on low heat in a hood. After the 
first drying the sides of the beaker were washed down with distilled 
water and 3 ml of 70 percent HCl04 were added and digested until a clear 
liquid remained, The solution was then made to 100 ml in a volumetric 
flask, allowed to stand overnight, and filtered without washings into a 
storage bottle . 
The OM-fraction in the centrifuge tube was then slowly and carefully 
dissolved in 6 _!!: HN03 t.o prevent excess heating , The OM-fraction with 
all washings was placed in a 125 ml Erlenmeyer flask and slowly evapo-
rated to dryness on low heat in a hood , The sample was then treated with 
HCl04 as was done for the Bft.-fraction, and finally placed in a storage 
bottle. 
Chemical analysis of the two fractions consisted of determinations 
for !Ia , K, Ca, Mg, and Ca45 as described in Procedure 8. 
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Paper Chrol!l'ltograrns of Water Extracts 
A.s a furthe r check of the increase in Ca45 in water extract s of the 
highest sodium level, 0 .075 ml aliquots of wate r extracts from the four 
leveJs of soil Na were placed as spots on chronatogram paper. Distilled 
wate r and butyl-alcohol were used as solvents7 Radioactivity in counts 
per minute was determined on both sides of the paper before and after 
ntnning the solvents· by placing the thin end-window Geiger-Mueller detec-
tor tube directly above the spot of addition. Counts per minute were 
determined from a 30-minute counting time and corrected for background 
count. 
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RESULTS AND DISCUSSIONS 
Chemical Analysis of the Soils 
After the final harvest of alfalfa the soils were dried and 
analyzed according t o the procedures given in the previous section. 
Results and discussion of these analyses for t otal extractable cations , 
water soluble ca t ions , exchangeable cations, and exchangeable cation 
percentages, PH measurements, electrical conductivities , a l kaline-eart h 
carbonates, and the possibility of complexing of cations by the organic 
material fraction in the water extracts of the s oi l s are presented in 
this section. 
Extractable cations 
Cations extractable by N/N NH40Ac . Table 3 presents the mean con-
centrat ion of extractable cations from units that receive the same soil 
Na treatment. 
Table 3. Cations extractable by N/ N NH40Ac. Mean of 
eight cul"bl.re units per sodium levela 
Soil Na-1evel identification 
Cation 0-Na 15- Na 30- Na 45-Na 
Nab 0,285 2.670 5.484 8.587 
K 0.734 0,971 1.167 1.252 
Ca 12.62 12.?9 11.89 11.58 
Mg 1.60 1.43 1.43 1.47 
Ca45c 12.98 12.31 10. 51 9.28 
aAppendix table 40 presents data for all 48 culture 
units . ~eq/100 g soil for Na, K, Ca, and Mg, 
CM)Uc/g soil for Ca45 . 
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Extractable cations by O,lN HCl, Following the extraction of ions 
by NH40Ac the soil was immediately leached wi~~ 0 , 1~ HCl , The cations 
extracted by the acid are presented in table 4 as the mean of eight 
culture units . 
Table 4 . Cations extractable by 0 .1 ~ HCl following 
the NH~OAc extractiona 
Soil Na-level identification 
Cation 0-Na 15-Na 30-Na 45- Na 
Nab 0 ,060 0.042 0.072 0,108 
K 0.104 0.129 0.145 0.158 
Ca 8.42 8.99 9.45 10.16 
Mg 2.60 2.75 2. 84 3,05 
Ca45c 2.10 3.55 4 . 40 6.59 
aAppendix table 41 presents data f or all 48 culture 
uni t so 
~eq/100 g for Na, K, Ca, Mg. 
cM~/g soil for Ca45. 
Analyses of variance for the results on cations extrac ted by NH40Ac 
and HCl are presented in table S. 
Examination of data in tables 3, 4, and S shows that for practical 
purposes all the Na added t o the soils was extractable by NH40Ac and the 
procedure used. However, it was found that t he amount of K extracted by 
NH40Ac was significantly (5 percent probability) influenced by the level 
of soil Na , increasing with increas ing soil Na. The same was also true 
for K extracted by the HCl procedure, but the acid was likely to have 
released K from the soil minerals . Calculations showed that about 88 
percent of t otal extractable K (by NH40Ac plus HCl) was extractable by 
the NH40Ac proceducre . 
All soils contained initially the same amount of Ca (21 .47 meq/ 100 g 
soil) and Ca45 (22 :!: 1 percent _1-);C/100 g) . In table 3 the amount of Ca 
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Table 5. Analyses of variance for extractable cations by NH40Ac and HCl 
Extracting Source of Degrees of 
agent Cation variation freedom Mean squares F 
1H40Ac Na Treatmentsa 7 44.0751 1354 .08** 
Error 21 0.0325 
K Treatments 7 0.2627 6.o5* 
Error 21 0.0434 
Ca Treatments 7 1.3379 6. 70* 
Error 21 0.1997 
Mg Treatnents 7 0.0297 0.39 
Error 21 0.0755 
ea45 Treatments 7 9 . 8448 12.19** 
Error 21 0 .8078 
HCl Na Treatments 7 0,0049 2.58 
Error 21 0 .0019 
K Treatnents 7 0 .0022 4.44* 
Error 21 0 .0005 
Ca Treatments 7 2,1089 7. 53* 
Error 21 0.2802 
Mg Treatments 7 0.1331 1,10 
Error 21 0.1212 
Ca45 Treatments 7 12.5396 12.46** 
Error 21 1,0062 
asoil sodium treatments. See figure 11, page 4o, for details. 
*Significant at 5 percent probability, 
**Significant at l percent probability. 
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and Ca45 that was extracted by NH40Ac decreased with increasing soil Na, 
and the decreases are highly significant . However , the HCl extracted 
the Ca not extrac t ed by NHhOAc , so the Ca extracted by m40Ac plus HCl 
was constant . Of the total amount of Cn extracted by NH40Ac plus HCl, 
the ~~40Ac extracted 60.0, 58.7 , 55 . 7, and 53 . 3 percent for the four 
soil Na levels , respectively. 
All t he soils contained initially the same amount of Mg , From the 
results presented in tables 3, 4, and 5 it is seen that the soil Na 
treatments did not influence the amount of Mg extracted by either 
extracting agent . The total Mg extracted by the N140Ac plus HCl was 
4.29 meq/ 100 g soil. Of this, on the average, 34.6 percent was extrac ted 
by NH40Ac and 65 . 4 percent by HCl , but undoubtedly the acid caused some 
breakdown of clay mineral and subsequent release of Mg . 
Water soluble cations . The use of the water saturation extract is 
recommended by the u. S. Salinity Laboratory Staff (Richards, 1954) for 
the determination of wat er soluble ions , However, with the sadie soils 
used in this investigation, increasing the soil Na content resulted in 
a decrease in t he amount of extract that could be obtained from a given 
soil-water ratio , so that at the highest Na level insufficient extract 
for c hemical analyses was obtained a t the water saturation percentage . 
Also the greater time required to obtain t he extract from the high Na 
soils by vacuum filtration lead to an unknown amount of evaporation of 
t he extract, even though the surface area of obtained extract was kept 
as small as equipment would allow . 
To overcome these difficulties, water soluble ions were extracted 
at a s oil-water ratio that was four to eight percent higher than the 
saturation percentage, but not any higher than necessary to obtain suf-
ficient extract for the highest level of soil Na. All soil Na levels 
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were extracted at tbe same soil-·Nater ratio, It was found that for the 
highest soil Na level about 27 perc8nt water was about the allowable 
minimum, which is 4 percent above the saturation point of the non-sodic 
control soil. 
It has been shown by Reitemeier (1946) that the amounts of the 
var~ous extractable water soluble ions was influenced by tbe soil-
water ratio, especially in saline and sodic soils, The total dissolved 
quantities of some ions increase with increasing moisture while those 
of other ions may decrease, To further investigate this point for this 
soil the water soluble cations were also extracted a t 29 and 31 percent 
moisture. The average value of eight culture units for each soil Na 
level for Na, K, Ca, Mg, and Ca45 and the three water levels are pre-
sented in table 6. As should be expected, the soil Na treatments had a 
highly significant influence on amount of water soluble Na, Ca, Mg, and 
Ca45, while soluble K was significant at the 10 percent level of 
probability. 
From table 7 it is seen that the influence of level of soil ·,vater 
did not significantly effect tl1e amount of Na, K, Ca, and Ca45 extracted , 
The influence on soluble Mg was significant at 10 percent probability, 
with a tendency to increase with soil moisture content, 
In consideration of these results on water soluble cations it was 
concluded tbat the lowest soil moisture level should be used for water 
soluble ions in the determination of amount of exchangeable cations and 
exchangeable cation percentages . 
The relationships between water soluble cations and the exchange-
able Na percentage (ESF) can best be presented graphically as done in 
figure 13. This is for the 27 percent soil moisture level, and each 
value was the average of eight replications . The analyses of variance 
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Table 6 . Water soluble cations extractable at 27, 29, and 31 percent 
soil moisturea 
Soil Na·-level identification 
Cation 0·-Na 15- Na 30-Na 45-Na 
~percentb 
NaC 0 .18 0.92 1.33 2 , 26 
K 0.04 0 .03 0,02 0 ,03 
Ca 0.711 0 .165 0 .147 0 , 267 
Mg 0 .053 o .o66 0 .058 0 , 135 
Ca1~5d 336.2 67 ,a 43 . 6 69 . 9 
29 percent 
Na 0 . 24 0.92 1 . 33 2. 16 
K 0,04 0.03 0,03 0,04 
Ca 0 . 705 0,172 0.158 0.270 
Mg 0.084 o .o6o 0 .065 0 .133 
Ca45 331.9 63 . 5 47.7 69 . 9 
31. percent 
Na 0 . 22 0.95 1.37 2.16 
K 0,04 0.03 0 . 03 0 . 04 
Ca 0.688 0.142 0 , 123 0,205 
Mg 0.083 0 . 068 0 , 083 0 .162 
Ca45 336.0 48.2 38 . 5 67 .5 
aAverage values of eight culture units per Na-leveL 
bAppendix table 42 presents all the data for 27 percent moisture for ~r 
48 culture units . 
CMeq/100 g for Na, K, Ca, 
d;UJUc/g soil for Ca45. 
and Mg . 
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Table 7. Analyses of variar,ce for variables which may influence the 
amount of extractable water soluble cations 
Source of Degr"les of 
variation freedom Mean squares F 
Water s o1uble Na 
Three water levelsa 2 0.010500 0,82 
Four Na-levelsb 3 15.693053 1219.73** 
Error 90 0 , 012866 
Water soluble K 
Three water levels 2 4.065xlo-5 O, JO 
Four Na-levels 3 71 . 21 7xlo-5 5 . 32t 
Error 90 13 . 386xlo-5 
Water soluble Ca 
Three water levels 2 0,013306 5.09 
Four Na-levels 3 1.661218 635 . 51** 
Error 90 0 . 002614 
Water soluble Mg 
Three water levels 2 J3,J95xl0-4 9.68t 
Four Na-levels 3 J 35.94 7xl0.-4 97 . 40** 
Error 90 3.449xlo-4 
Water soluble ea45 
Three water levels 2 425.28 1.13 
Four Na-levels 3 696,261.45 1846.70** 
Error 90 377 ,OJ 
awater levels of the soils were 27, 29, and 31 percent . 
~-levels of the soils were control (noNa added) , 3 .173 , 6 . 345, and 
9 . 519 meq Na added per 100 g air dr,r soil . 
fSignificant at 10 percent probability, 
i~ignificant at 1 percent probability. 
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Figure 13 . Relation between water soluble cations and exchangeable 
Na percentage of the soil . 
for the water soluble cations a~-e przsented in table 8, 
Data in table 8 show ·tha t t h<3 reh tionship between soil Na treat-
ments and water soluble Na , Ca, Mg, and Cah5 was highly significant , 
Eut the relationship with soluble K was not , 
In figure 13 it is seen that the water soluble Ca and Ca45 de-
creased with increasing soil Na up to tl1e 35 . 40 percent exchangeable 
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Na l evel. This should be expected. However, it was seen to increase 
again at the 54.92 percent exchangeable sodium and this surely was not 
expected . Possible causes were investigated and will be discussed later 
in a separate section . 
Exchangeable cations and exchangeable cation percentages 
The exchangeable cations (Na , K, Ca, and Mg) are obtained by the 
difference between extractable cations by N/~ NH40Ac and water soluble 
cations extracted from soil at 27 percent moisture . The results of 
these calcula tions are shown in appendix table 43 . The exchangeable 
cations are commonly expressed as a percent of the cation exchange 
capacity of the soil, Table 9 presents the mean exchangeable Na, K, 
Ca , and Mg percentages of the soils at the conclusion of cropping , 
The relationship between the exchangeable Na , K, Ca , and l.!g per-
centages to the amount of Na added to the soi l is shown in figure 14 , 
The analyses of variance for these data are presented in table 10, 
The results showed that t.he addition of Na as a carbonate resulted 
in corresponding increase in exchangeable Na percentage from about l to 
55 percent and a decrease in exchangeable Ca from about 82 to 31 per-
cent (table 9 and f i gure 14). It was also shown that the amount of 
exchangeable Mg decreases from about ll to 4 percent . However, the in-
crease in exchangeable K from about 6 to 10 percent is somewhat 
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Table 8 , Analyses of vari.<?.nce for water soluble cations extracted from 
soil at 27 percent moist;ure 
================== 
Source of Degrees of 
Cation variation freAdom Mean squares F 
Na Treatmentsa 7 2.2820 184 .03** 
Error 21 0.0124 
K Treatments 7 0 .000261 2.87 
Error 21 0 . 000091 
Ca Treatments 7 0 . 2!+023 73.02** 
Error 21 0,00329 
Mg Treatments 7 0 . 005413 19.47** 
Error 21 0.000278 
Ca45 Treatments 7 66433.914 244.1** 
Error 21 272.103 
as on sodium treatments . See figure 11, page 40, for details. 
**Significant at 1 percent probability. 
Table 9. Exchar~eable cation percentages of the 
soils. Mean of eight cul1llre units per 
Na-levela 
Soil Na-level identification 
Cation 0- Na 15-Na 30-Na 45-Na 
Na 0.90 14.92 35.40 54 .92 
K 5.90 8.08 9.74 10.42 
Ca 82 .34 69.35 49.02 30 , 76 
Mg 10,86 7.65 5. 84 3 . 90 
aAppendix table 44 presents data for all 48 cul-
ture units. 
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Table 10, Analyses of variance for exchangeable cation percentages 
Source of Degrees of 
Cation variation freedom Mean squares F 
Na Trea tmentsa 7 1917.140 430. 72*" 
Error 21 4.451 
K Treatments 7 15.368 10.26l~ 
Error 21 1.498 
Ca Treatments 7 1768.460 345. 67 
Error 21 5 . n6 
Mg Trea trnents 7 30.210 26 . 71** 
Error 21 1.131 
asoil sodium treatments. See figure 11, page 40 , for details . 
~Significant at l percent probability. 
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unexpected, and it is l ikel y due to the natllre of the soil m:).nerals 
present in this particular soil . Such an increase in exchangeable K was 
not noted in a Gila clay loam reported on i n Chang's (1955a ) article . 
Statistical data pr esented in table 10 show tha t these changes in ex-
changeable cation percentages are all highly significant, and figure 14 
shows tha t such changes are nearly linear func tions of amount of Na 
added to the soil . 
Alkaline-earth carbonates 
In the sodic so il system created and studied in this investigation, 
the total amount of Ca in the system was held constant . It has been 
shown in figures 13 and 14 that the amount of water soluble and ex-
changeable Ca has been decreased as the level of soil Na was increased, 
The Ca from these sources was largely precipitated as a carbonate , 
Table 11 presents the alkaline-earth carbonates in the soil as percent 
Caco3 at the conclus ion of cropping . 
Table 11, Alkaline-earth carbonates from acid neutralization as percent 
CaC03 
Exchangeable Na percentage of the soil 
Replication 0 . 90 14.92 35 . 40 54 . 90 
1 1.19 1 . 35 1.47 1. 39 1.58 1.38 1.48 1. 53 
2 1.17 1.29 1.40 1.38 1 . 36 1 . 56 1 ,90 1 ,66 
3 1 . 33 1 . 20 1 . 31 1 . 38 1 . 44 1 . 58 1.55 1 , 75 
4 1 . 24 1 . 24 1.34 1. 37 1.56 1.50 1.50 1 . 74 
Treatment mean l. 25 1.38 1 .50 1.64 
The influence of treatments (soil ESP) on the alkaline -earth cal~ 
bonates was highly significant with a variance-ratio of F = 8,33 with 
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7 and 21 degrees of freedom . The coefficient of variat ion was 7.4 per-
cent. 
So far three s ources of Ca for plant uptake have been shown, the 
exchangeable Ca , so-called water soluble Ca, and solid Caco3• All three 
phases of soil Ca should normally be in some kind of equilibrium. The 
question that needs to be answered is which of these forms of soil cal-
cium is most readily available for uptake by the alfalfa plant. 
Dispersed organic material in the water extracts 
The so-called water soluble cations commonly extracted from non-
sodic mineral soil which is near the saturation point with water do not 
nonnally contain any appreciabl e amount of dispersed organic material. 
If such organic material is present in the extract it is removed by 
oxidation (Richards, 1954) . In newly formed sodic soils , such as was 
created in this investigation, where no leaching has taken place, the 
organic material has become highly dispersed. The degr ee of dispersion 
increases with increasing soil Na . 
I n light of recent work by Kharma and Stevenson (1962) , Broadbent 
(1957), Himes and Barber (1957 ), Beckwith (1955), and others on metallo-
organic complexes in soils, it becomes apparent t hat part of t he ca t ions 
in the water soluble fraction may in fact be complexed by organic 
material , and as such is not in true free ionic form. This probably is 
especially true in sodic soils that contain dispersed organic material , 
such as used in this investi gation . The comparison of water soluble 
cations from soils not containing dispersed organic material and those 
obtained from soil s containing large amounts of dispersed organic 
material then would not be valid . Values for exchangeable cations and 
their percentage of the cation exc:r.ange capacity is surely then in 
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question . 
As pointed out in the discussion under the section Water solubl e 
cations, the increase in water soluble Ca at the highest level of soil 
Na (ESP, SS . h9) was not expected. An attempt to explain this situation 
was undertaken mainly for the reason that it brings up the question as 
to whether or not such Ca is available for plant uptake , The procedure 
used to investigate this situation was presented and discussed in 
Exper imental Outline and Procedures under the subsection §utyl-Alcohol 
Fractionation of~ Extracts and Paper Chromatograms of Water Extracts. 
Results of butyl-alcohol fractionation of water extracts 
After fractionation of the water extracts according to the above 
procedures with butyl-alcohol, the two fractions termed BA-fraction 
(material soluble in butyl-alcohol) and OM-fraction(organic material in-
soluble in butyl-alcohol) were analyz.ed for their Na, K, Ca, and CahS 
cont ent . The entire data for the BA- fractions are presented in appendix 
table hS and OM-fraction in appendix table h6. The mean values for each 
of the four soil Na levels are presented in table 12 . 
The results of the chemical analysis of the two fractions were 
statistically analyzed to determine the influence of the soil Na levels 
on the concentration of the cations in the two fractions , Tnese results 
are presented in table 13 . 
These results showed that the soil Na t r eatme nt s did not affect the 
K content of either fraction, 
The data for Na , Ca, and CahS are presented graphically in figure 
15 to illustrate better the relationship between the two fractions and 
level of exchangeable Na percentage, With regard to Na , it appears that 
the Na content of the OM-fraction was linearly related to the 
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Table 12. Chemical compos ition of the BA and OM-fractions of the water 
extracts of the soilsa 
ESP of soil 
Cation 0,90 14.92 35 .110 511.92 
BA- fraction 
----
Nab 0 ,1511 0.522 o.5711 0 .678 
K 0 .061 o.oha 0 .0311 0 .036 
Ca 0 . 243 o .ooo 0 ,000 o .ooo 
cauSe 94.52 3. 32 1 . uo 1.96 
OM-fraction 
Na 0 , 144 0 . 364 0.629 1 .092 
K 0,032 0.027 0 .034 0 ,0)5 
Ca 0.441 0 ,189 0.156 0 . 280 
ca45 l 6o . 23 31.15 24 .36 115.21 
aMeans of eight culture units per soil 
~eq/100 g soil for Na , K, and Ca. 
c)Aj)"C/g soil for Ca115 . 
Na level. 
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Table 13. Analyses of variance f or cation concentration in the 
BA- and OM-fractions of the water extracts of the soils 
Source of Degrees of 
Cation variat ion freedom Mean squares F 
BA-fraction 
Na Treatment 7 0 .179688 28 . 6o** 
Error 21 0 ,006283 
K Treatment 7 0 ,000610 2. 59 
Error 21 0,000236 
Ca Trea tment 7 0.050781 133 . 63** 
Error 21 0 .000380 
Ca45 Treatment 7 7319 . 715 100.417** 
Error 21 72.893 
OM-fraction 
Na Treatment 7 0.571757 134 . 3ll><> 
Error 21 0.004257 
K Treatment 7 0 ,000088 1.04 
Error 21 0,000085 
Ca Treatment 7 0 .055918 52 , lll Hf 
Error 21 0,001073 
Ca4S Treatment 7 14307.744 164.62** 
Error 21 86.916 
**Significant at 1 percent probabili ty. 
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Figure 15. The Na , Ca, and Ca45 content of the BA- and OM-fractions 
of the uater extracts as related t o exchangeable sodi u.-. percentage of 
the soil. 
exchangeable Na percentage of the soil, At the 14.92 ESP the BA-
fraction contained 0,158 meq more Na than the OM-fraction, but at the 
two next higher exchangeable Na percentages the Na content of the OM-
fraction exceeded the BA - fraction , 
The Ca and Ca45 contents of the fractions are of more interest . 
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From figure 15 it is seen that even at the 0 . 90 ESP level nearly twice 
as much Ca was found in the OM-fraction as in the BA-fraction. When 
ESP was equal to or greater than 14.92 the Ca content of the BA-fraction 
was nil. The accurate Ca45 method of analysis showed still some Ca45 in 
the BA-fraction at the 35 . 40 &~P, but it was about 1,5 percent of the 
amount present in the BA-fraction at the 0 , 90 ESP level. Both the total 
Ca and Ca45 content of the OM-fraction decreased to a minimum at 35 . 40 
ESP and increased greatly for the 54.92 ESP level, These results estab-
lished that the so-called water soluble Ca was largely complexed by the 
organic material dispersed by the presence of high soil Na . The OM-
fraction obtained here was apparently closely related to the humic acid 
isolate obtained in the classical procedure for fractionation of soil 
humus . 
Availability of Ca-organic complexes to alfalfa seedlings. The 
next question t o be answered then is whether this Ca associated with the 
OM-fraction is available for plant uptake. This was approached from two 
ways, first, by measuring the uptake of Ca45 by alfalfa seedlings from 
the water extracts themselves; and second, by observing a possible in-
crease in Ca cont ent of the alfalfa shoots grown on the 54.92 ESP level 
in the main experiment when the Ca content of the nutrient solutions is 
reduced to about ll ppm, and the plant must rely upon the soil for its 
Ca. This will be discussed later, so it should be sufficient at this 
time to mention that such an increase in Ca content of the leaf tissues 
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was noted for the eighth growth period under the +Na -Ca treatments. 
The procedure used for culturing alfal.fa seedlings in water ex-
tracts of the soils was as follows: The water extracts from all three 
moisture levels and aD. replications for a given soil Na level were com-
bined to obtain a sufficiently large sample. Alfalfa seeds were 
germinated in damp pumice and wren the seedlings were seven days old 
two seedlings were placed in each test tube containing a known amount 
of extract (usually from 8 to 9 ml) . Ten replications were set up for 
each of the four Na levels . Solutions were aerated and volume kept 
nearly constant by addition of distilled water when necessary , Six 
days were allowed for response. 
The following observations on seedling growth were made. (a) 
Seedlings grown in the water extracts from the 0.90 and 14.92 ESP 
level all made excellent shoot growth. The main tap roots and lateral 
roots appeared to develop normally . (b) With the 35 .40 ESP level shoot 
growth was only a bit less than on the lower two levels of Na. Roots 
were darkened due to adsorption of dispersed organic material and their 
growth was only slight. One seedling died after five days and s everal 
others looked like they might die in a few more days . (c) Seedlings 
in the water extract from the 54.92 ESP made no shoot or r oot growth 
whatsoever . Five plants died by the end of the fourth day and it 
appeared that all plants would have died if left in the extracts much 
more than six days . 
After the six days exposure to the water extracts the seedling's 
roots were first rinsed for 2 to 4 seconds in 0 .25 !:!: HCl and then rinsed 
in five aliquots of distilled water . Both entire seedlings from a given 
test tube were dried at 65 C, weighed and then digested in HN03 and 
HCl04. The Ca45 was then precipitated from the entire plant digest with 
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suffic ient carrier adde d and the radioactivity was measured . Figure 16 
shows t he results . The growth of se edlings appeared to be closely 
related to p-I of the water extracts . There wasn 1t any evidence of an 
increase in growth of seedlings grown i n the water extract of the 54 . 92 
ESP Boil . However, Ca4S uptake by t he seedlings did increase at this 
highest level of soil Na and this increase appears to be cl osely related 
to t he Ca45 content of the OM-fraction of the water extracts. These 
results then indicate that the Ca associated with the organic material 
fraction was available f or plant uptake . The tntal amount of availabl e 
Ca in the small amount of extrac t used apparently was not suffic i ent to 
meet the minimum r equirement by these seedlings and, consequently, no 
growth and slow dying of the plants grown in the 35 . 40 and 54.92 ESP 
soil water extracts were observed regardless of uptake of Ca4S. 
Results of paper chromatographs of water extracts . As pointed out 
in the section on Experiment Outline and Procedures a further check on 
the Ca45 content of the water ext r acts independent of oxidation or 
organic material appeared desirable . This was accomplished by making 
chromat ograms of the extracts as discussed in the section on pr ocedures, 
The r esults are pr esented i n t able 14. 
Table 14 . Average Ca45 counts per minute, cpm, of 0 .075 ml aliquots of 
water extracts from the soil s before and after running the 
solvents down the chromatographic paper 
Exchan~eable Na ~rcentage of soil 
SolVent Treatment 0 . 90 14.92 3) .40 54 . 92 Sum 
Ca45 activity, cpm 
Water Before 58 . 96 2.41 4 . 18 7. 43 72. 98 
After 22 . 69 1.41 2. 94 4 . 19 31 , 23 
Butyl-alcohol Before 57 .so 2. 49 s .ol 7. 92 73 . 22 
After 59 . 60 2. 14 4 . 67 8, 16 74 . 56 
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These results show that the Ca45 content of the water extracts from 
the s adie soils (ESP greater than 15) increased with increas i ng soil Na 
and di spersion of soil organic material. It was observed that the 
cellul ose fibers in the chromatogram paper strongly adsorbed the organic 
collo ids and greatly reduced their movement in the water solvent, At 
the 0,90 ESP level only about half of the Ca45 was removed from the spot 
by the water. This indicates that about half of the Ca45 in the water 
extract of t his ESP level is very water soluble and not associ ated with 
the organic material or adsorbed by the cellulose fibers . This confirms 
the data in figure 15 where it was shown tha t about half of the Ca and 
Ca45 was associated with the B!-fraction and half with the OM-fraction 
at this low level of ESP which contained very little dispersed organic 
material. These results showed that the butyl-alcohol is unable to 
dissolve the organic material to any measurable degree, 
Electrical conductivity and pH measurements 
Figure 17 presents the electrical conductivity and pH of water 
extracts and pH of the soil-water pastes as a function of soil ESP. The 
electrical conductivity increases with increase in ESP as a consequence 
of sodium carbonate t r eatment used to create the various levels of ESP. 
The pH of the soil-water pastes was not linearly related to ESP of 
this soil . However , for larger numbers of sampl es of soils from many 
different areas and, consequently , different mineral composition, Chang 
et al . (1956) found a linear correlation of 0 . 753 for saturation pastes. 
Appendix table 47 presents the rH data on soil-water pastes for all 48 
culture units . 
Na adsorption ratios 
The use of the Na adsorption ratio, SAR, has been widely recognized 
9.0 
8. 5 
8 . 0 
7-5 
7,0 
6.5 
EC , electrical conductivity of soil-1~ater extra cts 
pH , pH of soil--;mter pastes 
pH! , pH of soil-Hater extracts 
,'//// 
/ 
//' 
/ 
,."'"" ..... +-
EC 
-----t pHS 
---
,+' --------x: pHe //~· 
I X 
~--i'T'-
0 10 )0 40 50 60 
ESP of soil 
Figure 17 . Average electrical conductivity, pH of soil-Hater 
extracts, and pH of soil-Hater pastes , Z?% water , as related to ESP 
of soil. 
81 
5 
4 
J 
2 
82 
as a useful tool to predict the degree of Na adsorption of soils . 
Richards (l95u, p. 103) present ed a nomogram showing the relationship 
betwee n ESP and SAR . The relationship between ESP and SAR should be 
expected to vary somewhat with degree of salinity and differences in 
mineralogical composition of soils. The SAR calculated for the Nibley 
gravelly sandy loam from cations extracted from the soil at 27 percent 
water was averaged for each soil Na level and r e lated to ESP of the soil 
in figure 18 . 
If the relationship between SAR and the estimated ESP, as given by 
Richar ds (195u, p. 26), is applied to the water extracts obtained here 
and then compared with our calculated SAR values and related to soil 
ESP, fair agreement was obtained for the two lower sodic soils , Calcu-
lated ESP for the two higher sodic soils, however, are much too low , 
Such data show that the general relationship such as given by Richards 
(l95u, p. 26) has much to be desired, especially at ESP greater than 20. 
Chemical Analysis of Plant Tissues 
The results are presented and discussed under basically three 
sections. With reference to figure 11 and the flow sheet for the experi-
ment, the first section will deal with alfalfa plant response prior to 
sodiumization of the s oil and when sufficient Ca was available from the 
nutrient solutions . The treatments here are designated -Na . ca and are 
associated with the first growth period . The second section will deal 
with the a l f ali'a plant response after completion of sodiumization of the 
soil, when the plants still had sufficient available Ca by means of the 
nutrient solutions, The treatments here are designated +Na ~ca and are 
associated with the second and third growth periods . The t hird section 
will deal with the plant responses to soil Na under two condit ions: 
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first, where sufficient available Ca was supplied by means of the nutri-
ent s olutions and are odd numbered treatments; second, where insuffici-
ent Ca was available from the nutrient solutions and are the even 
numbered treatments. The treatments here are designated +Na :!Ca and are 
assoclated with the fifth, seventh, and eighth growth periods. 
Yield of alfalfa crowns, soil roots, 
and nutrient-solution roots 
As pointed out in the experiment outline, it was desijed that the 
amount of soil and nutrient-solution roots be nearly the same for all 
treatments. If not, consideration must be given for this variation 
when considering nutrient uptake from the soil and nutrient solutions, 
In figure 19 is plotted the yield means for the crowns, soil roots, and 
rrutrient-solution roots according to the odd and even numbered treat-
ments as related to ESP of soil. The data for all 32 culture units are 
presented in appendix table 65 . 
In later discussions of nutrient uptake consideration must be given 
to the fact that for the odd numbered treatments the amount of nutrient-
solution roots decreased nearly linearly with increasing soil Na. How-
ever, for the even numbered treatments it decreased with increasing soil 
Na up to the 35,40 ESP level and then increased with the 54 . 92 ESP soil. 
In table 15 is presented the analysis of variance for the yield of 
crowns, soil r oots, and nutrient-solution roots. 
For all eight treatments together the effect of soil Na and nutri-
ent solution treatments on the crown was significant at the 25 percent 
probability. The effect of soil roots was significant at 10 percent 
level, and the effect on nutrient-solution roots was significant at th~ 
25 percent level of probability. It is seen that the yield of soil 
roots from the even numbered treatments was greater than yields for the 
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Table 15. Analyses of variance for yield of alfalfa crowns, soil roots, 
and nutrient-solution roots at t he conclusion of the 
ex eriment 
Alfalfa Sour ce of Degrees of 
tissue variation freedom Mean squares F 
Crowns Treatments 7 1.4802 l. 86t 
Error 
Soil roots Treatments 
Error 
Nutrient-solution Treatments 
roots 
Error 
.1S.ignificant at 25 percent probabili ty. 
tsignificant at 10 percent probability. 
*Significant at 5 percent probability. 
21 1.7957 
7 0. 7516 
21 0,3120 
7 0 .3780 
21 0.1443 
odd numbered treatments. This difference may possibly be due to stimu-
lation of soil root growth in the even numbered treatments, when the 
plants were placed on a reduced Ca level in the nutrient solutions . 
Further evidence for this possibility is not available from this 
experiment design . 
It is also seen in figure 19 "that for both odd and even numbered 
treatments the amount of soil roots decreased with increasing level of 
soil Na up to the 35 .40 ESP level, but then increased for the 54 .92 ESP 
level. Prior to sodiumization of the soil it was assumed that all cul-
ture units had the same degree of soil root development , and the 
observed non-significant differences in shoot yields would help to 
support this . It is also logical to suspect that further soil root 
development would be more or less curtailed after sodiumization of the 
soil and such curtailment should be linearly related to the soil Na 
since the Na was applied to the soil in increasing equal increments . 
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The results on yl.eld of soil and nutrl.ent-solution roots at the end of 
the experiment did not support this. A very possible explanation of 
this phenomenon may lay in the fact that water soluble soil Ca was 
greater in the 54 . 92 ESP soils than in t he 35 . 40 ESP soils , and this 
Ca was predominantly complexed by dispersed soil organic matter and was 
available for plant uptake as previously discussed in association with 
figures 13, 15, and 16 . 
These data for the amount of soil roots and nutrient-solution roots 
make it evident that such information may be required in any mathemati-
cal models for the prediction of yields and chemical composition of the 
plants in t his experiment . 
The -Na +Ca treatments associa ted wi th 
the fir st growth period 
Prior t o sodiumization of the soil the alfalfa plants were har-
ves t ed and processed according t o procedures 5 , 7, and 8 . These alfalfa 
plants were grown on non-sadie soil and compl ete nutrient solution and, 
consequently, should represent nutrient non-deficient plants , 
Table 16 presents the chemical composition of the alfalfa shoo t 
tissues for the -Na +Ca treatments fr om the first growth period of 15 
days . 
As pointed out in figure 11 and procedure 5, the 32 culture units 
had by this time been blocked i nto four blocks t o which ~~e future 
eight treatments were t o be imposed . Analyses of variance of the - Na 
+Ca data presented in appendix table 48 showed tha t there was not any 
significant proposed treatment effects. From this it was concluded that 
all the plants within a block were fa irly uniform. The tissue yields 
shown in table 16 are somewhat lower than were experienced in later 
growth periods of equivalent length . The content of Ca45 in the tissues 
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Table 16. Yield and chemical composition of alfalfa leaves, petioles, 
and stems of the -Na .ca treatments. Average values from 
32 culture unitsa 
Tissue Yield Ca Mg Na K POI.J Ca45 
g/pot meq/100 g tissue m¥a~Reg ~ffs~§ 
Leaves 0 ,4660 113.8 31.9 5.00 104.9 19.9 20,24 
Petioles 0.0599 112.7 32.0 6 . 90 184,3 18 . 3 17,86 
Stems 0.2449 73.2 35.3 4.77 139.0 14.9 12 . 46 
aAppendix table 48 presents the entire chemical analyses results by 
tissue, replication, and proposed treatment, 
is higher than in later growth periods. This is likely to be related to 
the amount and rate of diffusion of Ca45 in the immediate vicinity of 
the soil roots, which may have been higher initially than later. 
The +Na +Ca treatments associated with 
the second and tltird growth periods 
Following completion of sodiumization of the soil, two harvests 
were made. The first was on September 12 and the second on September 
28, and these were termed the second and third growth periods, respec-
tively. The plants in these two growth periods were grown on frn1r 
levels of soil Na and complete nutrient solution; consequently, the 
yields, plant chemical composition, and nutrient uptake from the nutri-
ent solutions were averaged over these two dates. The alfalfa tissue 
yields and chemical composition of the second and third growth periods 
for all culture units are presented in appendix tables 49 and 5o, 
respectively. Average yield and chemical composition of alfalfa 
tissues for treatment numbers 1, J, 5, and 7, and treatment numbers 2, 
4, 6, and 8 are presented in appendix tables 54 and 55, r espectively. 
The alfalfa plants from the second and third growth periods were 
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exposed to the complete nutrient solution; consequently, the plants had 
access to readily available Ca , Mg, K, F04, and all the other known re-
quired nutrient elements . Any significant changes in the concentration 
of these elements in the alfalfa leaves , petioles , or stems wit h respect 
to the level of soil Na must be due to the effect of the concentration 
of Na in these tissues and a pos sible subsequent effect on the absorp-
tion, mobility, a nd physiological function of these nutrient ele~nts . 
Even though the even and odd numbered treatments here received the 
same series of soil Na treatments and nutrient solution treatments, they 
will be discussed more or less separately in order to allow comparisons 
to be made later where the even numbered treatments contained only 11 
ppm Ca in the nutrient solutions . 
The analyses of variance for yields and chemical compos i tion of the 
alfalfa tissues for treatment numbers 1, 3, 5, and 7, and treatment 
numbers 2, 4, 6, and 8 are presented in tables 17 and 18, respectively, 
The yields of leaves, petioles, and stems were significantly 
affected by level of soil Na at the 25 percent level of probability for 
the odd numbered treatments for the +Na +Ca treatment . Yields and Na 
cont ent of these tissues as related to ESP of soil are shown in figure 
20 . The Na content of all tissues tends to be linearly related t o t he 
level of soil Na , with petioles accumulating more Na than leaves, and 
leaves accumulating more Na than stems . 
The plants for the odd numbered t reatments had access to suf ficient 
available Ca, but as seen in table 17 and figure 21 for the leaves and 
petioles , their Ca content was significantly affected by too soil Na 
treatments at the 10 and 5 percent levels of probability, respectively, 
This evidence strongly suggests that as these tissues accumulated high 
levels of Na the ability of the tissue to accumulate Ca was hindered , 
Table 17. Analyses of variance for yields and chemical composi t i on of al falfa tissues for the 
treatment numbers 1, 3, .5 , and 7 from the +Na +Ca treatments f or the second and third 
growth Eeriods combined 
Leave s Petioles Stems 
Source of 
He an Mean ~lean 
Analysis variation a squares F square s F squares F 
-
Yield Treatments o. 2261 2. 61 0.0121 2. :cot 0,1101 1.73+ 
Error 0.086.5 0.0055 0.0737 
Ca+Hg Treatments 320 .0933 4. 90* 462.4667 8.61** .53 · 5033 1.07 
Error 65 . 3844 .53·7322 49.8078 
Ca Treatments 2<2.0.533 3·58~ ;!38. 3067 6.01* 48.5403 0. 68 
Error 67 ·.5220 47-9344 71.2908 
Hg Treatments 1.5.1256 1.8.5 23· Z740 1.61 6. 2<23 o. al 
Error 8 .1867 14.4817 22.43.56 
Na Treatments 6.51.0883 29 .• 32'* 993 • .5767 1.5.17** 483.72.56 11..51** 
Error 22.2067 6.5.4994 42.0090 
K Treatments 348.9367 2. z.s+ 189.4333 0.44 376.3900 1.12 
Error 1.55· 3689 430.6411 33.5 .8356 
P04 Treatments 4.9606 1.03 9.4806 3. 08+ 13.1308 1.16 Error 4.8156 3.0801 11. Z791 
Ca45 Treatments 4.5.0750 8.5 . 91** 42.5066 58·39** 17.9048 54.02'* 
Error 0 • .52<7 0.7<!30 0.3314 
Ca-+Mg Treatments 0.116.5 8. 36** 0.047.5 6 • .52'* 0 ,0029 1.32 
Na+K Error 0.0139 0.0073 0.0022 
(Na+K)- Treatments 22.51. 2291 6.87* 3.5<!3.7300 .s . 22' .550.9167 1.4.5 (Ca+Hg) Error 3Z7·5626 6?5.4.511 380.1944 
aTreatments , 3 degrees of freedom. Error, 9 degrees of freedom. 
t significant at 2.5 percent probability~ 
f~ignificant at 10 percent probability . 
*Significant at 5 percent probability . 
**Significant at 1 percent probability . 
'() 
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Table 18. Analyses of variance for yields and chemical composition of alfalfa tissues for the 
treatment numbers 2, 4 , 6, and 8 from the +Na +Ca treatments f or the second and 
thi rd growth per iods combined 
Le,aves Peti oles Stems 
Source of 
Mean Mean !-lean 
Analysi s variation a squares F squares ___ F squares F 
Yield Treatments 0 , 3506 1.17 0,0166 1.03 0.1452 0 .99 
Error 0 , 2998 0,0161 0.1467 Ca+Mg Treatments 891.2667 3-52* 21-9.0767 0 ,81 47 .-6333 1.08 
Error 253.0133 306.9789 43 . 9144 Ca Treatments 1752·3633 1.06 2633 -1966 1.32 6 .8487 0 . 06 
Error 1659·5833 1984.4011 116.3498 Mg Treatments 73 · 3183 2. 43t 97 . 7'6!7 0.46 lZ?. 2806 1.00 
Error 30.0622 210 . 9212 1Z? . 4062 
Na Treatments 1883.9606 4 .82* 2312. 0123 4,87* 1015.0341 4.57* Error 390 . 5069 577 . 8179 222.2970 K Treatments 43 . 2233 0.11 231.7567 0,33 '6!9. 3767 0.78 
Error 407. 0855 699. 1 '6)0 266.7333 P04 Treatments 9·3223 1.04 13, 1767 1. )8 10.5790 1.04 Error 8 . 9451 9 . 5106 10.1790 Ca45 Tr eat ments 50 o456o 21-.90* )8.0397 19 . 79** 17 ·7778 19.31** Error 2. 0261 1.9225 0,9'6)6 Ca+Mg Tr eatments 0 . 1491 1. 37 0.0369 0.59 0 . 0065 1 ,86+ Na+K Error O, 1086 0.06'6) 0 . 0035 (Na+K)- Tr eatment s 4358 . 7293 4,18* 4010" 2300 4.72* 1532. 0833 2. 94* (Ca-tMg) Error 1043 . 5070 850 .1178 521. 5833 
F~reatment , 3 degrees of f reedom. Error, 9 degrees of f reedom. 
+Si gnificant at 25 per cent pr obabili ty . 
*Si gnifi cant at 10 per cent pr obability. 
*Significant at 5 percent probability . 
**Si gnificant at 1 percent pr obabili ty . 
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However, due to the greater variability among the even numbered treat-
ments , such differences were not significant at probabil ities less than 
25 percent . 
From tables 17 and 18 and figure 21 it is seen also, as far as 
leaves are concerned, for both even and odd numbered treatments the Mg 
content was significantly affected by the level of soil Na, the effect 
being a reduction in leaf Mg content with increasing Na . 
The sum of Na and K minus the sum of Ca and Mg for the three 
tissues as related t o ESP of soil are presented in figure 22 . Analyses 
of variance of these data presented in tables 17 and 18 show that 
tissue (Na + K)-(Ca + Mg)' was significantly influenced by the level of 
soil Na at a leve l of probability of 5 percent. The use of such a term 
as this in alfalfa leaves and petioles, and to a lesser degree the 
stems, may later be shown to be a useful term since it reflects the Na 
and Ca plus Mg content of the root environment, and is related to 
growth since a proper balance between monovalent and divalent cations 
may be required in the alfalfa plant f or normal growth. 
The concentration of Ca45 which came into the plant from the soil 
is shown for the leaves, petioles , and stems in figure 22. The analyses 
of variance presented in tables 17 and 18 show that the concentration of 
Ca45 in these tissues was highly significantly reduced by level of soil 
Na. I t is seen (figure 22) that the Ca45 content of tissues was not 
linearily related to ESP of soil. The increase in Ca45 i n leaves and 
petioles for the even numbered treatments with increasing soil Na beyond 
the l~ ESP level is not characteristic of prior or later growth periods . 
No explanation other than experimental variati on can be found for such 
an observation . 
As seen in figure 22 for the odd numbered treatments the 
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concentration of Ca45 was highest in leaves, a little less in the peti-
oles, and much less in the stems; howe-.rer, these differences in concen-
tration tend t o become more constant as the level of soil Na was raised. 
In figure 23 are presented the K and P04 content of the three 
tissues as related to ESP of soil . Analyses of variance presented in 
tables 17 and 18 showed that these are not significantly affected by 
level of soil Na . These results indicated that as long as sufficient K, 
P04, and Ca are available for uptake by the plant the level of Na in the 
tissue does not interfere with the accumulation of K and P04 by alfalfa 
shoots . Data presented later will indicate that sufficient Ca must be 
available for normal F04 uptake . 
The concentration of Ca , Mg, Na, K, F04, and Ca45 remai ning in the 
nutrient solution of each culture unit was determined at the end of each 
growth period at the time of harvest and expressed as amount of nutrient 
taken up by plants or excreted into nutrient solutions . The results for 
all culture units for the second and third growt h periods are presented 
in appendix tables &J and 61, respectively, The treatment means for 
nutrient solutions for these uno growth periods combined are presented 
in table 19 . The analyses of variance for these data are in table 20, 
The effect of s oil Na treatment on plant uptake of Ca and Mg from 
the nutrient solutions should be similar for the odd and even numbered 
treatments. Data in table 20 shaw that for the odd numbered treatments 
the influence of soil Na t reatment on Ca uptake from nutrient solutions 
was significant at the 10 percent l evel of probability, but Mg was not . 
The reverse was for the even numbered treatment, In general, the same 
trend was also observed in the leaf tissue . These results suggest that 
the influence of the soil Na treatments on uptake of Ca and Mg from the 
nutrient solutions is not great with a probability being not less than 
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Table 19. Average amount of v~rious nutrients removed from or excreted 
into the nutrient solutions by alfalfa plants . Averaged 
over the second and third grmvth periods and four replica-
tions per growth period 
Treat- ESP Removed from nutrient Excreted into nutri-
ment of solution ~ Elant ent soluti on by plant 
numberS soil Ca Mg K ro4 Na Ca45 
ppm ppm J-1-JJ.C rr--
l 0.90 109 1.8 228 91.0 4. 90 921 
3 14.92 98 4 .3 202 82,0 5 .55 704 
5 35 .40 73 3 .1 185 86 . 8 7.13 286 
7 54.92 96 2.4 219 9Ll 6, 70 361 
2 0.90 109 5.8 207 73.8 3,05 409 
4 14.92 lOS 8.2 235 93 .3 5.35 628 
6 35.40 84 9 .5 176 72.9 4 . 78 813 
8 54.92 87 2. 7 158 71.1 8.40 156 
SOdd and even numbered treatments were both the .. Na .. ea t r eatments • 
Table 20 . Ana}yses of variance for nutrients removed from or 
excreted into the nutrient s olut ions by alfalfa 
plants . Data for the second and third growth 
periods combined 
Sour ce of 
Analysis varia tiona Mean squares 
Odd nu.mbered treatmentsb 
Ca Treatments 919 . 4600 
Error 266 . 8033 
Mg Treatments 4 . 8508 
Erro-"· 9 .0947 
K Treatments 1. , 449 . 5866 
Erro:r 883 . 8433 
ro4 Trea.tnents 73 . 6067 
Error 113. 4789 
Na Treatments 4 . 1990 
Error 5 •. '3934 
Ca45 Treatments 354,185 . 93 
Error 201,941.40 
Even numbered treatments 
Ca Treatments 639 .4467 
Error 995 .3789 
Mg Treatments 35.1367 
Error 11!.8172 
K Treatments 4,621.1700 
Error 5, 012 . 2322 
ro4 Treatments 433 .2067 
Error 1,009 . 9644 
Na Treatments 19 . 8873 
Error 7. 9051 
Ca45 Treat.mmts 322,111. 16 
Error 112,012.48 
aTrea tments, 3 degrees of freedom. Error, 9 degrees 
dom. 
of 
bodd and even numbered treatments were both the +Na +Ca 
treatments. 
:tsignificant at 10 percent probability. 
tsignificant at 25 percent probability. 
F 
3 . 45t 
0 .53 
1.64 
0 . 65 
o. 78 
1. 75 t 
0. 61. 
2.37* 
0.92 
0 .43 
2.52f 
2.88t 
free-
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10 percent that a 10 to 20 re~cent red~ t i on in Ca uptake occurs when 
the soil ESP is greate t' -chan about 15 percent . 
For these same g:'.'O'Nth pe r iodc t l>.e so il Na treatment did not have an 
effect upon t he uptake 0f K a~ d P04 by t he plants from the nutrient 
solutions . 
I n tables 19 and 20 data ar-e presented t hat show that the Na added 
to the s oil was absorbe d by ~he soil r oots and then transported down-
war d t o the r oots in the rnrtr::.ent so l utions, then out of these roots and 
into the nutrient solutions . The amount of Na excr e ted into the nutri -
l"nt s olutions increased with :i.n.-::reasing so il Na , bu t al so the amount was 
modlfied by the amount of soil. roots , which was not linear with respect 
t o soil Na (figure 19) . 
For the +Na +Ca data where Ca was rupplied one should not expect t o 
find any significant lil1ear correlations between Ca content of ti ssues 
and any soil Ca parameters, and such was the case . Likewise, t issue 
yields are not correlated with Ca content of tissues. 
In table 21 a r e presented the l inear correlation coefficients, r, 
between Na content of alfalfa tissues and yields and other various soil 
Table 21, Linear correlation coefficients , r, between Na content . of 
alfalfa tissues and yields and other various soil proper-
ties. For second and third growth _periods combined 
Dependent Independent Alfalfa tissue 
variable variable Leaves Petioles Stems 
Plant Na Soluble Na 0 . 633** 0.650 0.657 
Exchangeable Na 0. 70h o. 717 o. 705 
Ji! 0.654 0.656 0.657 
Solubl e Na/Ca 0.571 0.595 0.610 
Yield of tissues -0 .699 -0 .635 ..{), 522 
**All correlation coefficients are significant at t he 1 percent 
l evel of probability. Deg~~s of freedom was 62 . 
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properties, These data show that the Na ( ontent of t he three tissues is 
better correlated t o the level of exchangEable Na than water soh tble Na . 
The correlati on between leaf Na and leaf ;rield is negative and i s higher 
for leaves than for petioles and stems. 
The +Na i Ca treatments associated with 
t he fifth gr owth period 
Following the harves t of September 21 the even numbered treatments 
2, 4, 6 , and 8 (see figure 11, page 40} wEr e placed on reduced Ca nutri-
ent solutions according to pr ocedure 9 . 1he harves t of October 15, 
called the f ourth growth per iod , did not appear in yield sufficiently 
different from the harvests prior to the ~Ca treatments to warrant 
chemical analysis, The next harvest on October 31, called the fifth 
growth period, was cut for yield and chemical analyses of the leaves, 
peti oles, and stems . After nearly 30 days it became obvi ous that the 
effect of reducing the availabl e Ca in the nutrient solutions was not 
going to be immediate, but would require several growth periods, Appen-
dix table 51 presents yield and chemical composition data for t hs fifth 
growth period for the three alfalfa tissue s for all 48 culture units, 
These data were further reduced t o average yields and chemical c omposi-
tion for treatment numbers 1, 3, 5, and 7 in appendix table 56 , and 
treatment numbers 2, 4, 6, and 8 in appendix table 57. 
The average yield of leaves, petioles, and stems is presented in 
figure 24 , For the +Na .. ea treatments the tissue yiel ds for t his growth 
period (15 days) were similar to that obtained for the second and third 
growth periods , and this should be the cas 3 unless age becomes a factor. 
Tables 22 and 23 present the analyses of variance for the +Na .. ca 
and .. Na -Ga treatments, respectively, Fron table 22 for the +Na .. ca 
series it is seen again that yield of leav ' s was reduced by soil Na 
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Table 22. Analyses of variance for yields and chemical composition of alfalfa tissues for the 
t reatment numbers 1, 3, 5, and 7 from t he +Na +Ca treatments for t he fifth growth period 
Leaves Petioles Stems 
Source of 
a Nean }lean Mean Analysis variation squares F squares F squares F 
Yield Treat ment s o. 2181 2· 39t 0.01257 3.43* o. Z')02J 2· 97* 
Error 0.0913 0.00367 0.09779 
Ca#!g Treatments 30 .3433 0.10 143. 92JO o.43 143.8123 0.86 
Error 301.7633 335.8378 166.9166 
Ca Treat ments 31.0700 0.12 344.3633 1. 22 135· 5157 1.89 
Error 257.1167 ::!31.5556 71. 6946 
Mg Treatments 79· 2723 4.14* 68.8973 1. 39 1.4740 0.04 
Error 19.16::!3 49.4117 37.4434 
Na Treatments 360 . 6z:J2 21 .19** 61J .8823 15.04** 252.0756 ::!3.59** 
Error 17 . 0164 40.8051 8 .8173 
K Treatments 271.8467 0.70 484 . 2633 0.65 758 .8067 1.11 
Error :J8? . Jl44 746.3178 679 ·96?8 
P04 Treatments 3· 6933 2.16+ 13.1273 3· 62' .. 1.4656 0.72 Error 1.7117 J . 6~5 2. 0356 
Ca45 Treatments 45 .2767 60 . 68** 46.7638 56.88** 12.4373 37 .19** 
Error 0.7462 o.82JO 0 , 3J44 
Ca·+Hg Treatments 0.1782 1.05 0.0096 0.36 0 , 0z:J5 1.94-t 
Na+K Error 0,1698 0 .0268 0.0152 
(Na+K)- Treatments 743.5833 0.81 583 · 2Z'J3 0.50 772. 9167 1. 66 .. (Ca+Mg) Error 921.8056 1163. 5068 464 .8611 
~reatments , 3 degrees of freedom. Error, 9 degrees of freedom, 
+Significant at 25 percent probability . 
*Significant at 10 percent pr obability . 
*Significant at 5 percent pr obability . 
**Significant at 1 percent probabi lity . 
b 
\.W 
Table 23· Analyses o-f variance for yields and chemical composition of alfalfa tissues for the 
treatment numbers 2, 4 , 6, and 8 from the +Na -Ca t r eatments for the fifth gr owth period 
Leaves Petioles Stems 
Source of 
He an He an Nean 
Analysis variation a squares F squares F squares F 
Yield Treatments 0 . 1215 1.32 0 ,004337 0.75 0.04022 0 .80 
Error 0 . 0915 0,005781 0 . 04998 
Ca-+Mg Treat ments 55. 3133 o.ss 162·7 500 9. 03* 5. 9190 0.12 
Error 95 . 0440 18 . 03)7 49.8186 
·Ca Treatments 41679.9800 0.91 1219.8556 1.07 11.9943 0.56 
Error 45735.6310 1139.6695 21. 3936 
Ng Treatment s 379.6883 5.)2' 368 . 6823 5·74* 195.8040 1.04 
Error 71.3423 64.1696 188 . 5790 
Na Treatments 799 . 9907 3).94** 1771.9530 22.01** 541.7723 )0.92"* 
Error )8 . a:l79 80 . 5036 17.5190 
K Treatment-s 519. 0067 1.70+ 913 .0533 1.88+ 1033· 2366 1.59 
Error )06. 1788 485.1)44 648 . 6089 
P04 Treatments 22.6117 3. 09* 12. 0742 0 , 60 15. 63)6 1.55 Error 7 · 3189 3) . 0519 10 .0578 
Ca45 Treatments 36 . 1533 5· 32' 27.8037 12. 67** 14.0223 13· 37** 
Error 6.8001 2.19)4 1 , 0485 
gaiMg Treatments 2. 3853 0 . 78 0.0549 1.44 o . o113 1.16 
a+K Error 3.0522 0.0 )82. 0 ,0097 
(Na:+-K) - Treatment~ 1323 . 7500 5.19* 391.5000 0 . 66 195 .8967 0 . 25 (Cait!g) .Srror 255. 9167 595·5556 796 . 7::B9 
~reatments, 3 degrees of freedom. Error , 9 degrees of freedom. 
tSignificant at 25 percent probability. 
fSignificant at 10 percent probability. 
*Significant at 5 percent probability . 
**Significant at 1 percent probability , 
b 
<="" 
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treatment at the 25 percent level of probability, Petiole and stem 
yields were also reduced by soil Na treatment at the 10 percent level 
of probability, Thus, again a reduction in tissue yields is obtained 
that appears to be related to soil Na and effect of excess accumulation 
of Na in tissues, rather than to Ca or Mg content of these tissues, For 
the +Na -ca treatments it is seen that the yield of the three tissues 
was less than for the +Na +Ca treatments, with leaves and petioles show-
ing the greatest decrease, Apparently placing the plants on reduced Ca 
has caused a reduction in shoot growth, but a further reduction in yield 
due to the soil Na treatments was not significant at the 25 percent 
level of probability, The yield curve for leaves decreased at the two 
highest soil Na levels. 
The accumulation of Na by these three tissues for both the +Na +Ca 
and ~Na -Ca treatment series for this growth period is presented in 
figure 24 and is very similar to the accumulation of Na found in the 
second and third growth periods. 
As pointed out in the experiment outline, one of the purposes of 
exposing the even numbered treatments to an initial level of nutrient-
solution Ca of only ll ppm was to observe the effect on uptake and 
accumulation of Ca, Mg, K, F04, and Na as might be affected by level of 
soil Na and subsequent accumulation of Na by the shoot tissues. 
In figure 25 and tables 22 and 23 it is seen that the concentration 
of tissue Ca for the +Na +Ca treatment series was not significantly 
affected by level of soil Na even though high levels of tissue Na were 
accumulated, For the +Na -ca treatment series it is seen that the con-
centration of tissue Ca has been greatly reduced . For example, for 
leaves at the highest level of soil Na , the tissue Ca was reduced from 
about 109 to 25 meq/100 g tissue by the -ca treatment , It appears that 
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further reduction in leaf Ca content was related to the soil Na treat-
ments (but the probablity would have to be greater than 25 percent) and 
its effect on availability of soil Ca, which in turn is reflected in the 
Ca content of the leaves more than in the petioles or stems. According 
to data prese~ted in figure 10 and discussed under preliminary investi-
gations, 20 to 40 meq Ca/100 g tissue should, in itself, cause a 
reduction in growth, and such surely was tbe case as shoYin in figure 24 
on tissue yields. 
The data presented in figure 25 for tissue Ca and Mg show conclu-
sively that when the available Ca was reduced the plant accumulated 
larger amounts of Mg if such Mg was available for plant uptake. For 
this growth period the accumulation of leaf Mg increased with increasing 
soil Na and was ·significant at the 5 percent level of probability. Stem 
Mg appeared to be very independent of soil Na. It should be kept in 
mind that Mg toxicity is possible, but was not evident in this experi-
roont. It is possible that this greater uptake of Mg is capable of 
helping maintain nearly normal growth in low Ca tissues. 
In figure 26 it is seen that for the +Na +Ca treatments, the ca45 
content of the shoot tissue for this growth period was greatly reduced 
by the effect of the soil Na treatment which shows a reduction in availa-
bility of soil Ca. Similar results were obtained for the second and 
third growth periods. Comparison of the +Na .ca and +Na -Ga treatment 
series for Ca45 content of the tissues (figure 26 and tables 22 and 23, 
respectively) shOYis that the error term for the +Na -Ga series has 
increased . Still the effect of soil Na was significant to highly 
significant and not necessarily linear. 
Also shown in figure 26 is tissue {Na + K)-(Ca + Mg) as a function 
of soil Na. It is seen that the value of this term for each tissue was 
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higher for the +Na -Ca series than for tile +Na .. ca series. It is also 
seen that for the +Na -Ca series the leaf (Na + K)-(Ca + Mg) increased 
with increasing soil Na and was significant at the 5 percent level of 
probability. For the later seventh and eighth growth periods, to be 
discussed later, tbis term (Na + K)-(Ca + Mg) for leaves was highly 
significantly related to level of soil Na, and for these periods even 
the values for petioles and stems were significant. These results 
surely suggest that such a term as leaf (Na + K)-(Ca + Mg) is a better 
term than tissue Na or Ca alone. 
The data shown in figure 27 and table 22 for tissue K for the 
+Na +Ca show that level of soil Na did not significantly affect the 
accumulation of Kin either leaf, petiole, or stem tissue. The effect 
of reducing nutrient-solution Ca on accumQlation of tissue K is not 
evident . 
Results for P04 content of shoot tissues presented in figure 27 and 
tables 22 and 23 show that for the +Na +Ca treatment series, leaf F04 
was significantly increased by increasing the soil Na. However, for the 
+Na -Ca series it is seen that reducing Ca content of the nutrient solu-
tion nearly doubled the P04 content of the shoot tissues . The leaf F04 
content in the +Na -Ca series decreased with increasing soil Na signifi-
cant at t he 10 percent level of probability, the reverse of the +Na .Ca 
treatment ser ies . 
The amounts of various nutrients taken up from or excreted into 
the nutrient solutions during the fifth growth period are present ed in 
appendix table 62 for all culture units, Average values are presented 
in table 24. Analyses of variance of the data in appendix table 62 are 
presented in table 25 . 
The amount of Ca taken up by the plants from the nutrient solutions 
"' 
" 
!I) 
!I) 
..... 
+> 
~ tD 
0 
0 
rl 
--
o' 
"' s 
"' g 
!I) 
..... 
+> 
-"l' 
0 tD 
0.. 
0 
0 
rl 
--ti 
220 
200 
180 
120 
+Na +Ca 
' 
' 
--
__ ., -- .. ___ _ - -- + 
' 
" 
" 
-0 
'0------
' 
' 
' 
+Na -Ca 
Leaves 
+--- -+ Petioles 
0---0 Stems 
''+--------1- -
' -- .. ,, 
0-- --- --<;)-----0 
100 ;,__ / 
80~ -~
60~-l--~--L-~---L-
llO 
0 10 20 )0 40 50 0 10 20 JO 40 50 60 
:35 
)0 
25 
5 
ESP of soil 
0 ~~---L--~--L-~--
0 1 0 20 )0 40 50 
ESP of soil 
ESP of soil 
0 10 20 )0 40 50 60 
ESP of soil 
Figure 27. K and P04 content of alfalfa tissues as related to ESP 
of soil for t he +Na +Ca treatments from the fifth gro•1th period, 
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Table 24. Average amount of various nutr ients removed from or excreted 
into tbe nutrient solut ions by alfalfa plants during the 
fifth growth period, Average of four replications 
Treat- ~p Removed from nutrient Excreted into rn1trient 
ment of solution by plant solution bz Elant 
numbe~ soil Ca Mg K P04 Na Cali> 
ppm ppm n-<c/1 
l 0.90 94 s .o 164 81.1 l.07b 734 
3 14 . 92 101 s.o 172 86,9 o .48b 135 
5 35 .40 90 7.3 156 86.6 o.85b 6'79 
7 54.92 95 9.0 165 83 .0 O.l3b 337 
2 0.90 lS. 7c 9.0 lOS 57 .5 1.87 542 
4 14.92 25.5c 17.0 125 41.2 1.77 1402 
6 35.40 4.sc 13.2 129 64.1 3.40 692 
8 54.92 19.5° 14 . 2 113 41.0 3.37 315 
aOdd numbered treatments were the .. Na .. ea treatments, Even numbered 
treatments were tbe +Na -ca treatments . 
~ removed from nutrient solutions. 
cCa excreted into nutrient solutions . 
Table 25 , Analyses of variance for nutrients removed from or 
excreted into the nutrient solutions by alfalfa 
plants during the fifth growth period 
Analysis 
Ca 
Mg 
K 
ro4 
Na 
ea45 
Ca 
Mg 
K 
ro4 
Na 
Ca45 
Source of 
varia tiona Mean squares 
Odd numbered treatmentsb 
Treatments 80.2)00 
Error 219.7289 
Treatments 15 .0625 
Error 21 .6736 
Treatments 175 , 8200 
Error 4o3.ouoo 
Treatments 31 .5900 
Error 8.6067 
Treatments 4 .1383 
Error 2.3155 
Trea tiOO n ts 146,811.60 
Error 424,121.82 
Even numbered treatmentsb 
Treatments 312.3506 
Error 180.8895 
Treatments U4.0256 
Error. 11.5701 
Treatments 488.7333 
Error 608.0555 
Treatments 545.0140 
Error 812.5684 
Treatments 3.2623 
Error 7.1556 
Trea t.ments 880,935.33 
Error 317,877.55 
F 
0 .37 
0 .69 
0.44 
3.6Tt 
1.78t 
0 .35 
1. 73t 
3.8li 
0.80 
0 ,6'7 
0,46 
2. nt 
aTrea tments, 3 degrees of freedom. EtTer, 9 degrees of freedom , 
bodd numbered treatments 1, 3, 5, and ·r were t..he +Na .. ea 
treatments. Even numbered treatments 2, 4, 6, and 8 were the 
+Na -Ga treatments. 
tsignificant at 10 percent probability . 
tSignificant at 25 percent probability. 
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in the +Na +Ca (odd numbered treatments) as shown in table 24 are simi-
lar to results obtained for the second and third growth periods combined 
(see table 19, page 98) , and again was not affected by soil Na treatment, 
Data presented in table 24 for the even numbered treatments, +Na -ca, 
show that actually Ca was excreted into t he nutrient solutions by the 
plants in amounts from nearly 5 to 26 ppm, over amount initially present. 
This is attributed t o the possibility that the nutrient-solution roots 
still contained perhaps excess Ca, since they had only been in the low 
Ca nutrient solutions some 60 days . 
Data on uptake of Mg qy the plants from the nutrient solut ions 
shown in table 24 show tm t nearly twice as much Mg was absorbed by the 
plants when the plants were exposed t o only about 11 ppm Ca in the nu-
trient solution, as compared to the high level of nutrient-solution Ca. 
Apparently placing the plants on reduced nutrient-solution Ca 
reduced the uptake of K from the nutrient solutions on the average of 
about 40 ppm. This reduction was not evident in the K content of the 
shoot tissue, presumedly because K from the soil made up the difference, 
or K from root tissue moved upward into the shoot tissues . Also the Ca 
reduction in the nutrient solutions resulted on t he average of about .30 
ppm less ro4 uptake from the nutrient solutions . However , as shown in 
figure 22 , the ro4 content of the shoot tissues nearly doubled for the 
.. Na -ca treatment. Thus, even though less ro4 was being absorbed from 
the low Ca nutrient solutions, more was being accumulated in the low Ca 
shoot tissue. This extra ro4 was most likely coming from the soil 
rather than from the root systems, but no evidence of this is available 
from this experi ment. Same results were also f ound for the seventh and 
eighth growfu r.eriods. This higher t.issue ro4 content may be associated 
with the greater uptake of Mg. 
lli! 
In contrast with results of the second and third growth period, 
excretion of Na into the nutrient solutions was very small for this 
growth period with a maximum being abou.t 3 ppm as comJ:Gred with about 
8 ppm for the previous growth periods . 
The amount of Ca45 t ha t wa s excreted into the nutrient solution 
during the fifth growth period is shown in table 24 . The amounts are 
similar to that found for the second and third growth period, and they 
tend to decrease with increasing s oil Na , But, the effect of level of 
soil Na is less f or this growth period than for the second and third 
grow th periods . 
The ... Na tea t r eatments associated with the 
seventh and e~ghth growth penodS 
The sixth growth period harvested on November 16 did not appear in 
yield to be sufficiently different from the y.ield of the fifth growth 
period to warrant chemical analysis of the shoot tissues, 
The three shoot tissues, leaves, petioles, and stems, of the 
seventh growth period harvested on December 1 were analyzed , The r e-
sults of these analyses for all tissues and culture units are presented 
in appendix table 52 . The chemical analysis of tissues from the eighth 
growth period, which was harvested on Iecember 21, is presented in 
appendix table 53 . A study of the treatment means for each analysis 
from the seventh and eighth growth period showed that the differences 
were sufficiently small to aLlDw the results of these two growth periods 
to be combined and expressed as an average of these two dates . 
Append.ix tables 58 and 59 present the average yield and chemical 
composition of alfalfa tissues fer the treatment numbers 1, 3 , 5, and 
7 and numbers 2, 4, 6, and 8 respectively, f or the seventh and eighth 
growth periods combined , Tables 26 and 27 pTesent the analyses of 
Table 26. Anal yses of variance for yields and chemical composition of alfalfa tissues for the 
treatment numbers 1, 3, 5, and 7 from the +Na +Ca treatments from the seventh and eighth 
growth periods combined 
Source of 
Leaves Petioles Stems 
Mean Mean 
Analysis variationa 
Mean 
squa~_s __ F 
_ squar~- F squares F 
Yield 
Ca+Ng 
Ca 
Hg 
Na 
K 
Po4 
Ca45 
~ +Mg 
a K 
(Na+K)-
(Ca+Mg) 
Treatments 
Error 
Treatments 
Error 
Treatments 
Error 
Treatments 
Error 
Treatments 
Error 
Treatments 
Error 
Treatments 
Error 
Treatments 
:Srror 
Treatments 
Error 
Treatments 
Error 
0.2732 2.06t 0.01439 
0.1)22 0.00574 
36). 5600 4 .78* 53· 2667 
76 .0544 237.4044 
259. Z?OO J, ::.4* 80 ,J433 
80 , 0333 200 . 3778 
1) . 6250 0. 6) 14.9106 
21.5333 8.9384 
1394.1376 :;:8 .10** 1)58.4843 
49.6197 33.0230 
538.7900 9.94 '?Z?.6267 
575·7500 420.4967 
)6.1883 4.08* )0.9942 
8.8689 ).9919 
4).7922 3· 32* 29.1844 
1.3186 0. 5063 
0.1170 3. 01* 0,0043 
0. 0389 0.0107 
JOlJ . 5626 J.lgt- 610,0633 
945.7847----- ---~1.0622 
~reatments, 3 degrees of freedom. Error , 9 degrees of freedom, 
tSignificant at 25 percent probability. 
~Significant at 10 percent probability, 
*Significant at 5 percent probability . 
**Significant at 1 percent probability. 
2. 51+ 
o. 22 
0.40 
1.67+ 
LH . lJ** 
l.7J+ 
7.76** 
57 . 65** 
0.40 
0.77 
0,1431 
0.1074 
31).6637 
167.3852 
190 .7747 
139.5469 
19.6356 
5· 9917 
623·3250 
46. ::.489 
1)2.9133 
553·7722 
1).5106 
6. 6751 
9.9442 
o. 2110 
0.0266 
0,0202 
188.5633 
846.0622 
1.33 
l.87t 
1.37 
J,:;:Bt 
1) .48** 
0,;:!+ 
2.02+ 
47.14** 
1.32 
0.22 
1-' 
G. 
Table Z?. Analyses of variance for yields and chemical composition of alfalfa tissues for the 
treatment numbers 2, 4, 6, and 8 from the +Na -Ca trea~~ents from the seventh and ei~lth 
grot;th periods combined 
Leaves Petioles Stems Source of 
Mean Mean Mean Analysis variation a squares F squares F squares F 
Yield Treatments 0.1159 l.69t 0,0025 0.54 o.o 233 1.06 Error 0.0687 0.0046 0.0267 Ca+Mg Treatments 382·3433 2. 54·~ 29 .8903 0. 26 32. 9400 0.49 Error 150.2916 114.8570 6? . 0973 Ca Treatments 19046. 6030 0.91 6692.3773 0. 96 178 58 . 36.5) 0.95 Error ::l)8Z? .1880 6990.8::5)8 18755. 6640 Ng Treatments 45.7800 0. 60 323.7Z?3 1.31 107 . ;143 0,70 Error 76.7973 250 . 1Z?9 154 . 3191 Na Treatments ~74. 9501 59·~** 3061.6~0 22.59** 905•7156 1).7'?*') Error 41.7760 135· 5457 65 .7890 K Treatments Z/8 .8433 0. 64 333.7033 0. 89 l22 • .5'?J3 0 • .)0 Error 438.4Z?8 373. 6900 ~6. 3856 Po4 Treat ment s 6,0440 o. 23 l. 3223 0.12 2.)623 o. 26 Error 21~9334 11.0256 9.0190 Ca45 Treatme:1b 92. 5674 9.41** 40.0609 ? .08** 32.3049 6 . ~* Error 9.8394 5.6608 5·1768 CaiMg Treatments 0. 5868 0.73 0.1359 0.85 0.5408 0.87 1~atiC Error 0. 7904 0.1604 0. 6~2 (Na+K)- Treatments 3626.4166 7.94** 19~ . 2500 4.76* 163).4166 5·92* (Ca+Mg) Error 45. 6583 403 . 6389 Z/5.6944 
- ,_.. __ ~· --·-- ---·--· --~reatments ; 3 de~rees of f reedom. Error, 9 degrees of freedom, 
1'Significant a'.; 25 percent probability. 
+Signifi cant at 10 percent probability. 
*Significant at 5 percent probabili ty . 
1-' *~ Significant &.t l percent probability. 
1-' 
0'-
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variance for the +Na .. ca and +Na -Ca treatment seri es , respectively. 
The average yield of the shoot tissues for the .. Na .. ca and +Na -Ca 
series as a function of ESP of soil is shown in figure 28. The curves 
for the three shoot tissues of the +Na +Ca series are similar i n shape 
to those for the fifth growth period. However, the overall yield of 
these tissues is a little less than f or the fifth growth period, 
especially for the leaf and stem yields . The yield of leaves was again 
significantly affected by level of soil Na at the 10 percent level of 
probability. The yield of leaves and stems f rom the +Na -Ca treatments 
series are i.n general less than for the +Na +Ca series, and considerably 
less than f ound for the fifth growth period, The yield of leaves for 
the +Na -Ca series was significantly affected by the soil Na l evel at 
the 25 percent level of probabi l ity. The yield of leaves decreased with 
increasing ESP. However, yields of stems and petioles were not sig-
nificantly affected by level of soil Na. 
The accumulation of Na in the leaves, petioles, and stems for the 
~Na .. ca and ~Na -Ca series is presented in figure 28 also , For some 
unknown reason the Na content of those tissues from the 35 .40 ESP level 
were considerably higher than expected or observed in prior growth 
periods. Data shown in figure 28 for tissue Na accumulation for the 
+Na -Ca treatment series, in comparison with the +Na +Ca data of prior 
growth periods, show that placing the plants on reduced Ca from the 
nutrient solutions resulted in greater uptake of Na from the soil, 
especially so for plants growing in the 54 .92 ESP soil. 
The Ca and Mg content of the three shoot tissues as related to soil 
ESP and ±Ca treatments are presented in figure 29 . For t he +Na +Ca 
treatments the Ca content of tissues remained essentially the same as 
found for the fifth growth period. The l eaves contained about 120 meq 
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Figure Z"} . Ca and Mg content of alf olfa tissues as related to ESP 
of soil f or the ·l·il!a ~a treatments from the seventh J nd eighth gro1rth 
period combined . 
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€a/100 g tissue, petiol es about 90 meq, a nd stems about 60 meq/100 g 
tissue. The Ca content of leaves was eign:ificantly :reduced by soil Na 
when ESP was greater than 15 .92 at the 10 percent level of probability. 
For the +Na -ca treatments the difference in Ca content of all three 
tissues becomes much smaller but still generally the leaves have the 
most Ca and stems the least. The Ca content of fue leaves from the +Na 
-ca treatments decreased from 42.1 meq/100 g tissue for the 0 . 90 ESP 
soil to a minimum of 19.9 for the 35.40 ESP soil, and then increased to 
24 . 2 meq for the 54 . 92 ESP soi l. This increase i n leaf Ca content may 
be associated with the water s oluble CJ. (see figure 13, page 65) and the 
OM-fraction of the water extract (see figure 15, page 75} in conjunction 
with the greater soil root yield. These results strongly suggest that 
the greater amount of Ca complexed by the disper sed soil organic liB tter 
in the 54.92 ESP level is available for plant uptake as evidenced by: 
first , data shown in figure 16 on Ca45 uptake by alfaUa seedlings 
grown in water extracts of the soil; second, by greater soil root 
growth (see figure 19); and third, by greater content of leaf Ca, as 
shown in figure 29 . 
The sudden collapse of petioles, which has been reportedly associ -
ated with Ca deficiencies in alfalfa, was observed several times on 
plants growi ng on the highest level of soil Na . This phenomenon, how-
ever, was not sufficiently common to suggest that an average petiole Ca 
content of about 24 . 2 meq/100 g tissue could be significantly related 
to collapse of petioles. It should be noted that the Ca content of 
petiol es from the 0 . 90 ESP level had on the average 42.1 neq of Ca and 
no co l lapse of petioles was observed. This woold suggest that perhaps 
the low Ca content of petioles (42 . 1 t o 24 . 2 meq) may not be low enough 
to cause widespread collapse of petiol.,.s. Nutrient s olutions studies 
l21 
presented ir. the sectl-1n on prel.:.'llir..ary Jnvi:'f>t~;:at.ions showed tbt, the 
lia content of pe t.io1es cannot be th"' ~~,;c:e of P"t 'ole col"iapse . Data 
presented in flgure 7 and d)scussed in !.'oe pl . .ll!lliP..ary investigation i n-
dicate that the Ca contento of a.u·a.w:·'l ~roo,;, nn1.ot oo less tLan about. 15 
meq/100 g tissue before collapse of jl'ltiohs is the ru1n rather than the 
exc'3rtion o 
The plants of the .. Na -l:a t.:tP..'l.tmenc ser:ss ace mulated more Mg t han 
tl',e i'lants of the +Na oCa series (sAe figure 29 ) . For t.r.e +Na .ca 
series the l!g conir.lnt of the le".f tj .ssues was no-t, for U f:'Se gr".vth 
periods , si:;nificantly affected by level of s;>il Na as l t was Jn the 
fj fth growti1 period . The dqta presented .;o far on tissue Mg su~gests 
~~at as long as sul'ficien Mg and ~~ was a~~lable for plant upt>ke the 
Mg content of leaves, petioJ.es , and stbros remained between ab,•Ltt 10 to 
?5 !1'<"1]/100 g tissues and was little, H any, affecte hy conc<>rr';lnt 
accumulation of Na .Ln the,.o tisst~es. 
7'he plants grown on Lhe ., Na -~a t.~eatment series exr.erience gener-
all· ·· greater varlation j n r.issJe Ug content ln !,JoeJe grow , periods 
than 'n the prior g owth period ; consequently, here the 1/.g content of 
all three. tissues is rot affected by level of soil Na at probabilities 
less than 25 percent . This m<J.Y be due to a number of vallables, ma inly, 
the variation i n growth <>f the nutrient- sc.lution roots, which were not 
incl11 ed in the common analyses of variance proc:edure used here . 
The Ca45 content of U1e plan~ -cissuea is presented in figur3 )0 . 
For t he +Na +Ca series f,he results are similar to the previous growth 
periods with plant le>.ave>;, accul!Ullating a lHtle more Ca4S U1an t1e 
petioles , and much more than th8 stems . But , tue difference in Ca con-
tent of tr.e three ti.s1>U<lS w;.s ,-<:ducerl as i.[,e 1eveJ of so.Ll N& was 
increased o Those plants which ilere or, the • -a ~'Ja treatment series 
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Figure 30. Ca45 and (Na + K) -(Ca + Mg) content of alfalfa tissues 
as related to ESP of soil for the +Na ±Ca treat ments from the seventh 
and eighth groHth periods combined . 
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accumulated more Ca45 in the shoot tissues than plan ts of the +Na +Ca 
series. This can apparently be largely explaine d by the greater amounts 
of soil roots in this series as compared with the +Na +Ca treatments . 
In figure 30 is shown the (Na + K) ··(Ca + Mg) content of the plants . 
The da ta fo r plants from the +Na -Ga treatment series showed that the 
term (Na + K)-(Ca + Mg ) for all three t issues was closely related to ESP 
of the soil, with the value of the term increasing with increas ing soil 
Na. The term for leaves was significantly affected by the soil Na 
treatments at the 1 percent level of probability, for petioles and stems 
at the 5 percent level. These results further show that such a term as 
the difference between tissue Na + K and Ca + Mg is closely related to 
the l evel of soil Na and available Ca and should be a useful term for 
relating the ma j or cation content of alfalfa shoot tissue to soil Na 
and available Ca plus Mg. 
The K and P04 content of the tissues as related to ESP of soil is 
presented in figure 31. As far as K content of the tissues is concerned, 
it was evident that the low Ca content in the root environment or in the 
tissues did not interfere with readily available K uptake and accumula-
tion in alfalfa shoot tissues. Further, it was evident that as long as 
sufficient K was available for plant u ptake the level of soil Na or 
tissue Na did not affect K content of shoot tissues. 
Data for tissue P04 presented in figure 31 show that plants of the 
+Na -Ca treatments accumulated more P04 than the +Na .ca series plants. 
The accumulation of P04 in the tissues was not related to the soil Na 
treatment as long as sufficient P04 was available for uptake. 
The amount of various nutrient taken up or excreted into the nutri-
ent solutions during the seventh and eighth growth periods is present.ed 
in appendix tables 63 and 64, respectivel y . The amount of nutrients 
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Figure 31 . K and P04 content of alf ~lfa tissues as related to ESP of soil for the +Na ~a treatments fra n t he seventh and eighth growth 
peri ods combined . 
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averaged over the two growth and four· replications per growth period is 
presented in table 28, and the analyses of variance for the data are 
presented in table 29 . Data for amount of Ca removed from nutrlent 
solutions show that plants grown on the .. Na +Ca (odd numtered t:'-3a t-
ments} removed a bit more Ca than durlng the fif~h growtl-, period , The 
plants on the low Ca series .. Na -{'.a absorbed about 7 to 8 ppm of the 
original 11 ppm Ca in the nutrient solutions and was not influenced by 
level of soil Na . 
The amount of 1!g absorbed from tile nut . .rient solutior.s by phnts of 
the +Na .. ca series during these tv10 gr•lW ili periods was at out the same as 
during ilie fifth growth period . It was also ooserved again that placing 
plants on reduced nutrient-solution Ca resulted in a greater uptake of 
Mg from the nutrient solution, 1\.gain, the level of soil or tissue Na 
apparently had no effect on Mg uptake. 
As was observed for the fifth growth period, placing the plants on 
reduced nutrient-sol uti on Ca resulted in less uptake of K from the 
nutrient solution by about 26 ppm. However, such a difference was not 
noted in the K content of the shoot tissues, presumably tecause the soil 
was capable of supplying K to prevent a defic:it, that might be c<J.used. by 
the interference due to lack of Ca upon normal uptake of K by the roots 
in the nutrient solution , 
It was also observed that reducing the nutr:i.ent-3olution Ca re-
sulted in a decrease in uptake of 1'04 from the nuti"ient solutions on the 
average of about 27 ppm . Even though less ro4 was absorbed by t':!e plants 
from the nutrient solutions of the +Na -Ca series, U1e sroot tissues 
actually contained greater amounts of R'J)~ (see f gure 31) U1an for the 
.. Na .,.ca series. This same phenomenc•n was al:~o noted for ~e f i fth 
growth period. 
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Table 28, Average amount of various nutrients removed from ot· excreted 
into the nutrient solutions by alfalfa plants , Average over 
the seventh and eighth growth periods and four r eplications 
per growth period 
Treat- ESP Removed from nutrient Excreted into nutrient 
ment of solution by plant solution by plant 
numbe~ soil Ca Mg K ro4 Na Cah5 
ppm ppm fAJ.lc/1 
l 0 . 90 114 6.3 187 84 . 6 1.67 829 
3 14.92 105 7.3 167 82. 2 2. 27 6h9 
5 35.40 90 5.1, 137 74 . 9 u . 6o h32 
7 54 .92 116 9.6 187 82.9 8.03 385 
2 0,90 7. 8 12.5 158 6o.7 1,00 659 
4 14 .92 7.0 14.3 163 59 . 5 0 . 82 517 
6 35 .40 7. 8 13.6 147 58.4 3.20 377 
8 54 . 92 7.5 10 . 8 106 38 .0 3.35 l9L 
aodd rrumbered treatments were the .. Na .. ca treatments • Even numbered 
treatments were the +'Na -ca treatments , 
Table 29. Analyses of variance f or nutrients removed from or 
excreted into the nutr ient solutions by alfalfa 
plants . Data for the seventh and ei ght h gr owth 
periods combined 
Source of' 
Analysis varia tiona Mean squa:r.as F 
Odd nwnbered treat mentab 
Ca Treatments 559 .9767 1 . 74f 
Error .:m .4il78 
Mg Treatments 13 .4583 1. 74t 
Error 7. 7500 
K Treatments 2,210 . 4833 o . 59 
Error 3, 719 . 8100 
ro4 Treatments 73 . 9067 o. 77 
Error 95. 704L 
Na Treatments 33.1456 :? . 9M 
Error 1.1.1912 
Ca45 Trea trnents 168,318 . 83 1.17 
Error 143 , 48J . 55 
Even numbered treatmentsb 
Ca Treatments 0 . 5300 0 . 23 
Error 2.3328 
l.!g Treatments 8.9006 0.70 
Error 12.7673 
K Treatments 2, 625 .7266 1.54 
Erro1· 1,706 . 69:5 
ro4 Treatments 467.7040 1 . 09 
Error 4.30.0LI66 
Na Trea trnents 7.h773 4."?6* 
Error 1 . 5695 
Ca45 Treatments 157,915.56 1.42 
Error 111,242 . 61 
aTrea tments, 3 degrees of f'1~edom. ErrGr, 9 degrees of' freedom. 
bodd numbered treatments 1, 3, 5, and 7 were tb~ ... Na ~ca treat-
ments , Even numbered treatments 2, 4., 6, and B were t.he +Na ··Ca 
treatments . 
t .:lignificant at 25 percent probability. 
:!:signi ficant at 10 percent probability . 
r.-si gnificant at 5 pe1·c:ent probabili ty. 
127 
128 
The absorption of Na. and Ca45 from t3e soil and subsequent excre-
tion of some into tne nntrie:~t sc.::.utions is evident from data p:-3sented 
in table 28. The amount of Na ex,:reted into the nutrient solutions in-
creas ed with increasing soil Na and waa modified by amount of soil 
roots. The amount of Ca45 that was excreted into the nutrient solutions 
decreased with inc:::-easing soil Ne , but the dec raase was not significant. 
Mathematical Models and. Multiple Regress ion Analysis 
Development of JTBthematical toode l f.l 
The purpose of developing w~~~ema "icnl models is to be able t o pre-
dict some phenomenon with some acceptable degre.e of reliability. The 
mechanics of the problem is one ci' incorporating the va1·iables or 
sources of inforrna tion i n the most pi\.<fi table combination into the 
model. Linear transformati ons of variables nD.lSt be done when sufficient 
data is obtained to show that such tra.nsi'ormatl.ons will improve the fit 
of the model to the observations. 
In this investigation the main phenomenon of interest is the uptake 
and accumulation of Ca in the leav-e s, petioles, and s tems of alfalfa 
plants as influenced by the level o.f soil Na under conditions of s.uffici-
ent and insufficient Ca supply. The presentation of results up to this 
point has been limited to two- dimensions. Based upon this experi ence 
the next step was to obtain impressions of what the data look like in 
three-dimensions, and from these impressions mathematical models may be 
mo re accurately developed. 
This gr·aphical approach t o presentation of information i n three-
dimensions has been automated by Hurst (1962) . Application of t his 
process to desired dependent variable s and pa irs of independent vari-
ables in all possible combiP~tions ~esults in a series of c~Jde 
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three-dimensional views . Howev-er, as pointsd out by Hurs t (1964 ), this 
approach is a fast but somswhat c::"'l::de O!l" • Th:: .. s UBans that the results 
have to be evaluated in tl~ light .f the r esearcher's e.xper.ience or 
results may be misleading , but it does give on"' a very valuable ].nsight 
into the behavior of a system of wtx•iables . 
Three s e ts of three .. :lil!B!l,1ional g:'.""-ji>S we•·e COIIlputed utiliz.ing the 
data from the seventh and eighth grcwth periods . Within each set the 
grajils we re classifie d a ccording to shoot tissue type. In the first set 
the dependent variable was leaf Ca nontent and the independent variables 
were soluble soil Ca, soluble soil Na, ESP, SAR, PH, alkaline-earth car -
bonates, exchangeable Ca percentage; and the Na, P04, and Mg content of 
leaves. For the second set the dependent variable was leaf Ca45 content 
and the independent variables were sol uble soil Ca45 , soluble soil Na, 
ESP, SAR, PH, alkaline-earth carbonates, exchangeable ca45 , yield of 
soil r oots; and the Na, P04, and Mg content of leaves . In the third set 
the dependent variable was either yield of leaves, petioles, or stems, 
and the independent variables were soluble soil Na, soluble soil Ca, 
soluble soil (Na + K) - (Ca + Mg), tissue (Na + K)-(Ca + Mg), ESP, y i eld 
of soil roots, yield of nutrient-solut ion roots, and the amount of Ca, 
Mg, P04, and K removed from the nutrient solution by the plants. 
Numerous three-dimensional graphs were constructed in order to 
evolve more appropriate linear mat hematical models. Figure 32 presents 
three examples of such three--jirnensional graphs obtained. Followi ng 
completion of the study of the tbree...ct:imenaional graphs eleven basic 
multiple regression modeJ.s wer e set up. Discussion of these e:quations 
will be done under separate headings following presentation of some of 
the more interesting correlation r.oeffic~ents . 
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Correlation coeff~cierffis 
correlation coefficients are "alntJJ.g,t,.,d between all the variable uses 
i n the mu.ltiple regression a.:cnl:vsi.s pr:i ··r to mnr:jr.g tne analysis . 
Thi.s section will preser•t the eor:rela tl0.~ coefi'icient.s ootween the 
variables that are of mt•st int.e:c?.st, 
Table 30 presents t he co:r:re13tion coefficients between tissae 
yields and some soil properties. Each cor:rel!ltion is based on 48 
observations from the fifth., seventh, and eighth growth periods. 
The most significant negative eo:rrolation between soluble Na, ESP, 
SAR, and yield of leavfls, petioles, and stems oecu~Ted between yield of 
leaves and exchangeable Na percentage ~t: the soil when the plant was 
subject to a Ca stress. However, the co:r.Telat.i.on with soluble Na was 
only 0 . 14 less . These results shaw that yield of leaves was better 
correlated with soil ESP than was the yield of e i t.her petioles or 
stems , especially stems, 
The yield of alfalfa leaves was about equally correlated with 
soluble soil Ca and exchangeable Ca percentage when the plant had 
ac cess to sufficient available Ca fi·om U1e nutr:tent solutions (table 
30 ). Correlations bet;ween yield "f petioles and s tems and soil soluble 
Ca or exchangeable Ca percentage are gern:!'a.lly not significant at the 
5 percent level regardless of t he ±Ca t::a,atn:er;t . The cot·relat.ion be-
tween leaf yield and Ewil elkaline-·'.larth c~,:,-bona tes was much higher , 
nearly highly significant, Tlhen the plant was on t he .. Na · ·Ca treatment 
combination. 
In comparing the yi.eld ~orr.:;lt;~. t.l:;r..S' Jat.ween +Na +Ca and +Na -ca , 
populations and a comp9.ri;;; ~''' 5.o: v "lid ~rt:y wh~n the varianc e within 
Table 30 • Correlat ion coefficients between tissue yields and some soil properties based on 
48 observations~ 
§oil Properties 
Tissue Treatment Sol.Na ESP SAR Sol.Ca 
---- --------~· ·-· ----- -
Ledves 
Petioles 
Stems 
Soil r oots 
li . Soln . 
roots 
+Na +Ca 
+Na .. Ca 
+Na +C~:. 
+Na "Ca 
+Na +C;;.:. 
+Na ~.Ca. 
+Na. +Ca 
+Na .. Ga 
+ra +Cc• 
+C:a .C.:i 
.o.:M 
-0. 384** 
. 0,184 
-0.251 
.. 0. 136 
.. Q,lJ9 
.. 0 .395** 
-0.533** 
-0 .415** 
.. o. 368* 
.0,)00* 
.0 .323* O.Jll* 
.,o, 398** .. o. 312* 0 .024 
. o. Z?4 .. o. 292* o. Z?2 
.. o. Z?? --0. 2()1 .. 0 ,003 
~0 . 174 c•O, 233 o. 262 
.. 0 .179 .. 0.141 .. 0.02) 
.. o .4;:B** .. 0.490** 0.)41** 
-0.500"'* --0 . 581"'* c. . 383** 
-0 . 504** ~0.417** 0. 258 
-0 . 319* .. 0.426** 0,405** 
aLevels of signifi~ance , 5 percent ~ O.;:B8, 1 percent = 0 . 372. 
*Significant at 5 percent probabil ity, 
**Significant at 1 percent probability . 
A. E:-
E. Ca. . P. Carbonates 
---·- -- ---
0.300* ~0 .187 
0.408 < 0.363* 
(\' :£!4 ~l.l ~ )) <-· 
o. 2131 ,Qel;~4 
c~ ~ 16r=. .. o , J./.1-0 
c ~ }.79 0.162 
0.426** ~0.444"'"' 
0.50.5** .. 0.469** 
0 . 507** .. o. 290* 
O.y.;4* .. o. al9~ 
(;; 
l\) 
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each population is nearly the same. Data presented early in analysis of 
''P.riance showed that generally there was less variance in tissue yield 
. ~asurements in the +Na -ca treatment series than in the ~Na .ca treat-
n·~nts ; hence, some>what higher correlations with the +Na -Ca treatments 
should be expected, 
It is interesting to note that the yield of soil roots was a little 
rtw r correlated with the Na a ds orption ratio (SAR ) of the soil solu-
ti0n than with ESP (table 30). 
The correlation coefficients obtained for the relationships be-
lwcon yield of shoot tissues and their Ca, Mg, Na, and tissue (t:a + K)-
'ra + Mg} are presented in table 31 . 
'fable 31. Correlation coefficients beuween yield of shoot tissues and 
their chemical composition based on 48 observati onsa 
Chemical comEositi on of tissue 
Tissue Treatment Ca M~ Na 
lc'lves .. Na .. ca 0 , 249 -0 .142 -0 . 645lHI 
+Na -Ca -0 .175 -0 . 531** -0.4 76lH'< 
Pet-ioles +Na .. ca 0 . 227 -0 .100 -0 . 528** 
+Na -Ca -0.154 -0 . 233 -0 .338* 
St.cms .Na .. ca -0 . 310* -0 . 254 -0 .499*<:-
-•Na - Ca -0,072 -0.257 -0.347* 
aLevels of significance , 5 percent c 0,288, 1 percent : 0,372. 
~-significant at 5 percent probability . 
~~Sig~ficant at 1 percent probability . 
(Na • K)-
(Ca + ~l 
-0.618** 
-0.679** 
-0 . 275 
-0 .401** 
-0.337* 
-0.457** 
The negative correlation coefficient between Na content of leaves 
and yield of leaves was highly significant with a value of -0 ,645, 
higher than that obtained for petioles and stems. In the +Na .ca treat-
rnent where sufficient Ca and Mg were available the correlations between 
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yield of leaves and petioles and their Ca and Mg content were not sig-
nificant at the 5 percent level. However, for the +Na +Ca treatment the 
correlations for Ca and Mg with yield of stems were generally better 
than for leaves or petioles. 
It was found that the term tissue (Na + K) -(Ca .. Mg) content was 
highly correlated with yield of leaves in a negative rranner, the value 
being -0.618. Where there was insufficient calcium available, the 
correlation was -0.679, which is greater than that obtained for either 
Ca, Mg, or Na content of leaves alone. 
Table 32 presents the correlation coefficients betw~en Ca content 
of shoot tissues and some soil properties . 
Table 32. Correlation coefficients between Ca content of shoot 
tissues and some soil properties based on 48 observationsa 
Soil ;ero~rties 
Treat- A. E. 
Tissue ment Sol. Na ESP SA.R Sol. Ca E.Ca P. carbonates 
Leaves +Na +Ca -0.171 -0.231 -0.206 0,130 0.224 -0.027 
+Na -ca 0.416-H 0,265 0.259 0.037 -0.307i!* 0 .410<>* 
Petioles +Na ..Ca -0 .078 -0.082 -0.106 0.201 -0.069 -0 .025 
+Na -Ga o.41B- 0.274 0.266 -0.034 -0.316-!.' 0.410** 
Stems ... Na ..Ca -0.186 -0.176 -0.079 -0.045 0.162 0.055 
+Na -Ga 0. 344** 0,224 0 .223 0.015 -0,258 0 . 33~ 
aLevels of significance, 5 percent = 0, 288, 
*significant at 5 percent probability, 
l percent a 0.372 . 
~~Significant at 1 percent probability. 
In the +Na +Ca treatment where sufficient Ca was available, the Ca 
content of neither the leaves, petioles, or stems are significantly 
correlated with either soluble soil Na, ESP, or SA.R. However, the best 
correlation was between Ca content of leaves and ESP with a value of 
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-0,231; a value in excess of 0,288 is required for signifi.cance at the 
5 percent level of probability, 
For the +Na -ca treatment in which there was insufficient Ca avail-
able from the nutrient solutions and the plant bad to rely upon the soil 
for its Ca, it was found that the correlation between Ca content of 
leaves and petioles and soluble soil Na was highly significant, but 
still the linear regression of leaf Ca on soluble soH Na accounted for 
only 16 percent of the observed variability in leaf Ca.. It is important 
here to notice that in absence of available Ca from the nutrient so"-tl-
tions the shoot tissue Ca content was correlated better with soh 1ble Na, 
less so with ESP, and least with SAR of the soil solution . 
As should be expected for the .. Na ~ca treatment, there was a poor 
correlation between Ca content of the tissues and soluble soil f.a or 
exchanges ble Ca percentage. However, for the +Na -Ca treatment the 
correlation between Ca content of all shoot tissues and exchangeable Ca 
percentage was significant at the 5 percent level of probability. 
The correlations, and later the multiple regression analysis, of 
the Ca45 content of the shoot tissues t o soil properties should be very 
useful in seeking infonnation on the soil variables that mainly influ-
ence the uptake of Ca from the sodic soils. Table 33 presents the 
linear correlation coefficients between the Ca45 content of shoot 
tissues and some soil properties. 
In table 33 it is seen that the Ca45 content of all three n:1oot 
tissues was better correlated with soluble soil Na and exchangeable Na 
within the +Na .. ca treatment than within the .. Na -ca treatment series. 
It is apparent from this table that Ca45 content of all shoot 
tissues was somewhat better correlated wi tl:l soluble soil Na than with 
exchangeable Na. The type of shoot tissue apparently does not make much 
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Table 33. Correlation coefficients between Ca45 content of shoot 
tissues and some soil properties based on 48 observationsa 
Soil properties 
Treat- Sol . Exch . A • E. 
Tissue ment Sol. Na Exch . Na Ca45 Ca45 carbonates 
Leaves +Na +Ca -0.853** -0,843** 0 . 890** O.C76 
.. Na -Ca -0.652** -0.648** 0.593** 0,123 
Petioles .. Na .. ca -0.848** -0.8321>* 0 . 902*",} -0 .043 
+Na -ca -0.713** -0 . 692<Hf 0 . 673** 0 .110 
Stems +Na .. ca -0.864** -0 . 854** 0,887** 0 .017 
+Na -ca -0.652** -0 . 639** 0 ,57h<H~ 0 .098 
aLevels of significance, 5 percent ~ 0 , 288, 1 percant = 0 , 372 . 
" *Significant at 1 percent probability . 
difference . 
- :l . 721** 
- 0 . 642** 
-0. 717-:'* 
-0 . 67l;h't 
-0 . 7.32<h~ 
-0 . 628-<H:-
The results indicated that the Ca45 content of all three sh oot 
tissue s was highly correlated with soluble soil Ca, a nd poorl y corre-
lated with exchangeable Ca45 (table 33). For plants from the +Na .. ca 
treatment series an r2 of about 0.81 shows that the regression of t issue 
Ca45 on soluble soil Ca45 accounts for about 81 percent of the observed 
variability in Ca45 content of the shoot tissues, For t he +Na - Ga 
treatment series the average r 2 for the three tissues was a bout 0 . 36 . 
An observed negative correlation of about -0 . 72 was found between 
Ca45 content of the shoot tissues and the alkaline-earth carbonate 
content of the soils for the +Na +Ca treatments (table 33). 
Multiple regression analyses 
Based upon the detailed stucy of three separate sets of three-
dimensional graphs where the three dependent variables used were yield 
of s hoot tissue (leaves, petioles, and stems), Ca content of the three 
types of shoot tissue, and Ca45 content of the shoot tissue, a total of 
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eleven basic multiple regression equations were set up. These basic 
equations are also separated into three parts where the C:ependent 
variables are the same as used for the three-dimensional graj:hs . The 
independent variables are used in wha t appeared t o be t he mos t prof it-
able combj.nation. Linear transformat ions were used where the three-
diroonsional gra;:hs suggest such might be useful. Each basic equation 
was applied t o the data from the three types of shoo·t tissue and by 
.. Na .. ca or .. Na -ca treatments. The source of data was from the fifth, 
seventh, and eighth growth periods making possible 48 measurements for 
each vari able. 
The multiple regression equations will be presented and discu2sed 
in three partsa part one, three multiple regression equations for pre-
dictjon of yield of leaves, petioles, and stems; part two, four multiple 
regress i on equati ons for prediction of Ca content of the three types of 
shoot tissues; and part three, four multipl e regression equations for 
prediction of Ca45 of the shoot tissues. 
Part one . Prediction equations for yie ld of shoot t issues. Equa-
tion one is a mathematical model in which the independent variables are 
soluble Na and Ca from the soil , uptake of Ca, Mg, and P04 from the 
nutrient solution, and various interactions of these var jables. 
The variables in equation one are: 
xl a soluble Ca 
X2 = (soluble Ca}2 
x3 D soluble Na 
X4 a (soluble Na)(soluble Ca) 
X5 • (soluble Na)(soluble Ca)2 
X6 a nutrient-solution Ca 
X7 = nutrient-solution Mg 
Xs • (nutrient-solution Ca)(nutrient-solution llg) 
x9 ~ nutrient-solution P04 
x10- (nutrient-solution Ca)(nutrient-solution P04) 
x11• (nutrient-solution Ca)(soluble Na) 
X12• yield of soil roo~~ 
X13• yield of nutrient-solution roots 
xl4- y = tissue yield 
Equation two is a mathematical model in which the Ca, Mg, K, and 
Na content of a tissue is expressed in one term, tissue (Nat K)-
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(Ca + Mg) . Infonnation on the Na status· of the soil is expressed in 
one term, the Na adsorption ratio of the soil solution (SAR). Informa-
tion on uptake of Ca and Mg from the nutrient solutions is also con-
sidered. Since the amount of soil and nutrient solution roots is not 
as constant as one would like, these variables are also considered in 
the model. 
The variables in equation two are: 
X15~ tissue (Na + K)-(Ca + Mg ) 
x16. Na adsorption ratio (SAR) of soil 
x6 - nutrient-solution Ca 
X7 = nutrient -solution Mg 
Xs = (nutrient-solution Ca)(nutrient- solution Mg) 
Xl2" yield of soil roots 
X13c yield of nutrient-solution roots 
xl4= y a tissue yie]n 
Equat ion three is a mathematical model in which the Ca, Mg , and Na 
content of the tissues and their various interaction terms are consid-
ered along with information on yield of soil and nutr~ent-solution roots. 
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The variables in equation three are: 
xl7" tissue Ca 
x18~ tissue Mg 
Jrl9= (tissue Ca) (ti ssue Mg) 
X2o~ tissue Na 
x2l- (tissue Ca)(tissue Na) 
X22· (tissue Mg)(tissue Na) 
X12= yield of soil roots 
x13= yield of nutrient-solution roots 
X14= Y = tissue yield 
The prediction problem can be visualized as an attempt to cevelop 
a mathematical model which will give perfect predi ctive ab i lity, In 
terms of multiple regression analysis, this is comparablG to obtaining 
a multiple R2 of one, It can be thought of as the totality of informa-
tion contained in a multiple regression problem as unity, and consider 
that the multiple R2 produced in a particular case as the proportion 
of the total variation accounted for by a mathematical model. 
1~e multiple R2 values obtained for the above three equations 
according to tissue and treatment are presented in tabl e 34 . 
Table 34 . Multipl e R2 values for the multiple regression equations 
one two, and three 
Equation Leaves Petioles Stems 
No . +Na .. ca ..Na -ca .. Na .. ca .. Na -ca +Na .. ea +Na -ca 
l. 0 , 627 o . 8o6 0.728 0 . 678 o . SSJ 0 . 711 
2. 0 .618 o. 732 0 .492 0 .590 0 . 403 0 .668 
3. o.SS8 o.S63 0 .420 0 . 386 0 . 370 0 , 287 
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From table 34 it is seen that equation one produced the highest 
multiple R2 values, but it also has 1.3 variables as compar ed wi th equa-
tion two, which has only seven variables. Comparison of equation one 
and two f or leaves shows that equation two which has six less variables 
was nearly as good as equation one. 
It should be pointed out at this t ime that comparison of multiple 
R2 values obtained from a given mathematical model, but in which the 
measurement af these variables comes from different sources , requires 
nearly comparable total and error mean square terms in the multiple 
regression analysis . An example is equation one (leaves), U1e compari-
son of nrultiple R2 0 . 62 7 for the +Na +Ca treatment with the R2 of 0 . 806 
f or the +Na -ca treatment serjes. The total variance for the .. ~ra -ca 
treatment is about half that of the +Na .. ca treatment. 1'he error mean 
square of the +Na -ca treatment is not half that of the +Na +Ca treat-
ment but is about a fourth; therefore, the higher R2 f or the +Na -Ca 
treatment is in part due to the lower error term and not entirely the 
greater pmver of equation one to predict the yield of leaves when the 
plant is under a calcium stress. 
In table 34 it should be noted that generally these three equations , 
and particularly equations two and three, can account for more of the 
measured variability in leaves than in either petioles or stems. Also, 
when c onsideration is given to total and error mean square terms, the 
generally higher nrultlple R2 value of the .. Na -ca treatmAnt is due more 
to a lower e rror term than to a better fit of the model to the data . 
The large number of multiple regression analysis precludes an ade-
quate discussion of each, and inclusions or deletions in the mathemati-
cal model may be justified. Consequently, those multiple regression 
analyses which are not selected for discussion are presented in the 
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appendix tables. Appendix tables 66 , 67, a r.d 68 contain a ll or part of 
the multiple regr ession analyse s f or equa t ion one , two, or three , 
respectively. 
Table 35 presents the multiple regression analysis for leaves using 
equation two, selected because the multiple R2 is high and the model in-
corporates information about the pl ant, soil, and nutrient solution, 
plus the fact that it c ontains less variables than equation one . 
For the +Na .ca treatment a multiple R2 value of 0 . 618 was obtained 
showing that the applied mathematical model accounted for 61 . 8 percent 
of the total · variation in yield. For the +Na -ca treatment a md tiple 
R2 value of 0 . 732 was obtained. However, in comparing multiple R2 
values consideration must also b e given to the total and error mean 
square terms, and here the higher 0,732 R2 is due in part to the rela-
tively smaller error term in the +Na -Ca treatment. 
The relative strength of the relation between the dependent vari-
able and the various independent variables can best be approachad by 
calculation and comparison of the standard partial regression coeffici-
ents which avoid unequal variation in the independent variables. 
Appendix table 73 presents the standard partial regression coefficients 
for equation one, two, and three. 
Examination of mean squares for the +Na +Ca treatment shows that 
the x16 a SAR term did not c ontribute much to the total sum of squares . 
This can be interpreted as meaning that as long as sufficient Ca was 
available for plant uptake the Na intensity of t.'le soil as expressed as 
the SAR of the soil solution need not even be considered. Likewise, the 
low standard partial regc:-ession coeff. .i cients of 0 ,0221 show that. this 
variable (SAR) was an ineffecti Ye c ontril::utor to the ability of this 
mathematical model to predic t the yiel d of leaves . However, in the 
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Table 35. Multiple ::-eg~ellsior• a .• '\'i.lysis for leaves using equation two 
for the prediction of yield of leaves 
Degrees Standard partial 
Source of of Regression regressio!) 
variation freedom Mean sque.re coefficient coefficient 
The .. N~_ .. ca treatment 
Total 47 0.24010 b0 a -0,12500 
JC15 1 1 . '6423 bl5= ...{),00512 -0.4199 
X16 ]_ 0.00.341 l.1_6~ 0.00096 0 .0221 
X6 1 0 • .39869 b6 a 0.00875 0.4444 
x7 1 0 .04691 b7 a 0 .04518 0 . 3890 
x8 1 0.04315 b8 = -0 .ooo41 -0 .4199 
X12 1 0 . 39638 ~2= 0.23061 0 . 2486 
X13 1 0.08443 b:L3= 0.10221 0 .11 23 
Model 7 0.99654 
Error 40 O.lOF3 R2 = o.618 
The +Na -ca treatment 
Total 47 0.11?71 bo a 0.)6125 
X15 l 0,53736 ~5= -0.00470 -0.5120 
X16 1 0 ,18622 bl6= 0.00876 0.2695 
X6 l 0.01874 b6 = 0.00530 0 , 2371 
x7 l 0.07697 b7 - 0 ,00969 0.1325 
xa 1 0.04948 be = -0 .ooo51 -0.3654 
X12 1 0.19952 bl2a 0.16842 0 . 3249 
xl3 1 0 .21752 bl3= 0 . 20039 0.2998 
Model 7 0 .57871 
Error 40 0.03703 R2 = o. 732 
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+Na -ca treatment , whe1'e the p!2.nt was under a Ca stress , the importance 
of inclusion of t he SAR -;-cc-iP. ':J-.. .., ,s ,,.,,".danced by the higher standard 
partial regression c ·~effic: .. e!rt . 
Par!:_ two . Pt'edi_c_ io , 8..9.':';~ o~.f.'?.:!' Ca content of shoot tissues . 
The four basic multipl e regression equations developed for prediction 
of the Ca content of alfalfa. :shoot t.i.ss ues are as follown, 
The variables in equation four a re : 
JS. ~ soluble Ca 
2 x2 ~ (soluble Ca.) 
Xl6D Na adsorption rat~o, SAR 
X23• (SAR}(s oluble Ca) 
X24• (SAR)(sol~ble Ca) 2 
x25c alkaline-earth carbonates 
X26~ exchangeable Ca per.:entages 
x12~ yield of soil z~ots 
X17• Y - tissue Ca content 
The variables in equation five are : 
X1 soluble Ca 
X2 = (soluble Ca) 2 
X27~ exchangeable Na percentage, ESP 
X28= (ESP)(s oluble Ca) 
X29- (ESP)( soluble Ca} 2 
x25~ alkaline-oarth ~arbona tes 
x26D exchangeable Ca pe:~centage 
X12• yield of soil roc l;s 
X17• Y • tissue Ca content 
The variables in equation six are: 
x1 = soluble Ca 
x2 {sol uble Ca ) 2 
X3 s olubl e No 
X4 " (soluhle Na ) (so:L,lt•.c3 Ca ) 
X5 (sclut:J.e N•. ) (s.;: , " C9. ) 2 
x25= alka l ine--o:a x-th lklr'i:.or.a.t.~s 
X12~ yield of soH r ootd 
X17= Y = tissue Ca content 
The variables in equation seven are: 
X1 soluble Ca 
X2 {sol uble Ca ) 2 
x27= exchangeabl e Na per centage, ESP 
X2s~ (ESP) (s oluble Ca} 
X29= (ESP)(s oluble Ca ) 2 
X26= exchangeable Ca f't'l';:;entage 
x12= yield of soi l ro~ts 
X6 = nutrient-solution Ca 
X7 nutrient-solution Mg 
Xs = (nutrient-solution Ca){nutrient--solution Mg) 
x13= yield of nut rient-solution roots 
X17= Y = tis sue Ca content 
The difference between equations four, f i ve, and six is in the 
method of expressi ng the soil Na li1tensi ty, namely: the Na ads orption 
ratio (SAR), the excha ngeable Na pe1•centage (ESP), and soluble Na . 
Equation seven is the same as equati on five except consideration is 
given to uptake of Ca and Mg from the nutrient solution, plus considera-
tion of the yield of nutrient-.3ol ution roots. 
The multiple R2 values for these f our equations are presented in 
table 36 by tissue and trea tment. 
Table 36 . Multiple R2 values f or the multiple !'egression equations 
fou;:~. fh·e-2.. sb:, and SE'fife D. 
Equation --~!!:Y~~---- Petioles Stems 
----------
No. +Na .. ca +Na -Ga +Na .. ca -•Na --ca +Na .. ca +Na -Ca 
4 0,206 0.)71 0.329 0.538 o.499 0. )60 
5 0.207 0.535 0.245 0.524 0.405 0 .334 
6 0.212 0.529 0.247 0,493 0.379 0.332 
7 0,523 0.545 0.432 0.555 0.566 o.36u 
From table 36 it is seen that the prediction ability of these 
equations for the C-a content of leaf and petiole tissue was 20 to 30 
percent greater when the plant was >mder a Ca stress as evidenced by the 
higher multiple a2 values for the+Na -ca treatments. However, for stem 
tissues the reverse was evident since the multiple a2 values for the 
+Na -ca are 10 to 20 percent lower than the R2 values for the +Na +Ca 
treatment . Such an observation can likely be explained by a preferen-
tial movement of Ca to leaf and petiole tissue rather than to stem 
tissue when the plant is Q~der a Ca stress . 
In general, a comparison of e quations four, five, and six shows 
that equation four , which uses the Na adsorption ratio (SAR ) of the 
soil solution, gave generally the highest nroltiple R2 values . However , 
they are not very much higher than the other two equatio:w . 
The greater multiple R2 values for equation seven in comparison 
with equation five for the +Na .. ea treatment shows that the addition of 
terms for uptake of Ca and Mg from the nutrient solution was especially 
worthwhile for prediction of leaf Ca. However, for the +Na -Ca 
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treatment these additi0nal terms did not help . This js because even 
though the uptake of Ca from t.he nutrient soJ.utions dropped to nearly 
nothing, the greater uptake of Mg from the nutrient solution apparently 
nullified some of the effect of lack of Ca. 
Table 37 shows the application of equation four for the prediction 
of the Ca content of leaves under the +Na +Ca and +Na -Ga treatments . 
For the +Na .. ca treatment a multiple R2 ·value of 0 . 206 was obtained 
showing that the applied mathermtical rodel accounted for only 20.6 per-
cent of the total variation in observed Ca content of leaves . This 
should be expected since the plants were supplied with sufficient Ca 
from the nutrient solution and such a variable was not included in this 
model. The important thing brought out with this roodel and treatment 
series is that as l ong as sufficient Ca is available the usefulness of 
soil Na is quite small in the predicti.on of the leaf Ca. 
For the +Na -Ga treatment a multiple R2 value of 0.571 was obtained 
showing that the applied mathematical model accounted for 57.1 percent 
of the total variation in Ca content of leaves, which is nearly 30 per-
cent more than for the +Na ..Ca trea trent. Thus, it appears that this 
model is fairly well adapted for prediction of the Ca content of leaves 
when the plant is under a Ca stress. Examination of the standard par-
tial regression coefficients for the +Na -Ca data shows that soil sol-
uble Ca and Ca squared contribute less to the predictability of this 
model than SAR, SAR-by-sol. Ca, and SAR-by-sol . Ca squared. The contri-
bution due to soil alkaline-earth carbonates (x25} was nearly nil. 
However, the contribution due to exchangeable Ca percentage of the soil 
was considerable, but still less than that due to SAR and its interac-
tion with soluble Ca. Also the inclusion of the variable for soil roots 
is not worthy of consideration . Appendix table 74 presents the standard 
lh? 
Table 37. Multiple regression analysis f or leaves using equation four 
for prediction of Ca content of leaves 
Degrees Standar0 partial 
Source of of Regression regression 
variation freedom Mean square coefficient coefficient 
The +Na +Ca treatment 
Total h7 275.2889 bo ~ -73 .612 
xl 1 362 .58h2 bl = 184 .587 2. 737 
x2 1 235.9396 b2 c -159 . h72 - 2.157 
X16 1 68.9272 bl6= -2.016 -1.366 
X23 1 236 .3h46 b23~ 22.423 3 .h64 
X24 1 280 . 9135 b24c -53 .486 -2. 6:n 
X25 1 453.0004 b25c 74 .183 0 . 785 
X26 1 352.6594 b26" 0.888 1.021 
X12 1 0 .0120 bl2c 0.041 0.001. 
Model 8 332. 5010 
Error 39 263.5532 R2 ~ 0.206 
The +Na -Ca treatment 
Total 47 27314.82 b0 .. -2242.565 
xl 1 2779.69 bl a 7n . 8uo 0 .981 
x2 1 2027.52 b2 = -673 . 701 -0 . 829 
X16 1 52967 .Oh bl6= 34 . 327 2.191 
X23 1 16o89 . 54 b23e - 147.512 -2 .350 
X24 1 uo56o.87 b24u 432 .530 2. 21.6 
X25 1 54288. 97 b25" 670 .123 0.666 
X26 1 1284ll .32 b26= n .4u5 1..442 
X12 1 12ll9 . 83 bl2= 50.073 0.201 
Model 8 91624.31 
Error 39 14123.14 R2 = 0.571 
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partial regressi on coefficients for e quations four , five , s i.x, and seven. 
Part three . Predir. t ion equat i ons f or Ca45 content of shoot tissues. 
The four basic multiple regression equations developed fo r predict i on of 
the Ca45 content of alfalfa shoot tissues are a s fol l ows . 
The variables in equation eight are: 
x30s soluble ca45 
X31 = (soluble ca45) 2 
X3 ~ soluble Na 
X33• (soluble Na)(soluble Ca45 ) 
X34= (sol uble Na}(soluble Ca45 )2 
X2s· alkaline-earth carbonates 
X12= soil roots 
X3 7• Y = Ca45 content of ti-ssue 
The variables in equation nine are: 
X38" exchangeable Ca4S 
X39= (exchangeable Ca4S) 2 
x3 • soluble Na 
X4o= (soluble Na)(exchangeable Ca4S) 
X41• (soluble Na)(exchangeable Ca45) 2 
X25• alkaline-earth carbonates 
x12• soil roots 
X37= Y • Ca4S content of tissue 
The variables in equation ten are: 
x30• soluble Ca4S 
X31= (soluble Ca4S) 2 
X42• exchangeable Na 
x43= (exchangeabl e Na)(soluble Ca45) 
x44a (exchangeable Na)(soluble Ca45)2 
x25- alkaline-earth carbonates 
X12• soil roots 
X37• Y • Ca45 content of tissue 
The variables in equation eleven are: 
X38e exchangeable Ca45 
x39e (exchangeable ea45) 2 
X42e exchangeable Na 
X13• nutrient-solution roots 
X46= nutri.ent-solution Ca45 
X25~ alkaline-earth carbonates 
Xi2· soil roots 
x37• Y = Ca45 content of tissue 
It should be noted that the above first three equations are con-
structed to allow particular comparisons, such as, between equation 
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eight and nine so that the soluble ions are compared with exchangeable 
Ca45 and its interaction with soluble Na . 
The multiple R2 values for the multiple regression equatioPs ei ght, 
nine, ten, and eleven are presented in table 38 by tissue and treatment . 
Within table 38 it can be seen that for all three types of shoot 
tissues the higher multiple R2 val ues for all four equations were higher 
for the +Na . ca treatments than for the .. Na -ca treatments . F.xamination 
of the complete regression analysis for equations eight, nine, ten, and 
el even in appendix tables 75, 76, 77, and 78, respectively (table 39 
contains the multiple regressi on analysis for leaves by equation ten), 
shows that for the +Na -ca treatments there was relatively a greater 
error mean square. This means that in consideration of this error one 
cannot say for sure that a given equation applies better to the +Na •. ca 
150 
Table 38. Multiple R2 values for the multiple regression equations 
eight, nine, ten, and eleven 
Equation Leaves Petioles Stems 
No. .. Na .. ca +Na -Ca +Na .. ca +Na -Ca +Na .. ca +Na -Ca 
8 0 . 932 0 . 625 0 . 927 0 . 787 0.931 0 . 693 
9 0,904 0.657 0 , 925 o. 720 0 . 914 0 .642 
10 0.938 0 . 635 0 . 937 0 . 769 0 . 930 0 . 670 
11 o . 81ili 0 . 663 0 . 839 o. 713 0. 870 0 . 631 
than to the +Na -Ca data . 
Between equations eight, nine, and ten no une equation appeared to 
be greatly superior to the other equations as evidenced by the small 
differences in multiple R2, regardless of type of tissue or treatment. 
Comparison of equations eight and nine for t.he -tNa +Ca treatments for 
leaves and stems suggests that equat ion eight was a l ittle better , This 
means the soluble soil Na and Ca45 have a greater effect on uptake of 
soil Ca45 by alfalfa plant than exchangeable Ca45, or interaction be-
tween exchangeable Ca45 and soluble Na. Equation ten was generally a 
little better than equation nine. 
Table 39 presents the multiple regression analysis for leaves using 
equation ten, For the +Na .. ca treatment the multiple R2 value shows 
that 93,8 percent of the observed variability in leaf Ca45 can be 
accounted for by the model, 1hus, it appears that measurement of sol-
uble soil Ca and exchangeable Na are the soil variables that should be 
measured in attemptlng to predict the uptake of Ca from sodic soils , 
In the ..-Na .. ca series for le aves the unique contributi on of all<aline-
earth carbonates was quite small as indicated by a standard J:artial 
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Table 39 . Multiple regression analysis for leaves using equation ten 
for prediction of Ca45 content 
Degrees Standard partial 
0 0urce of of Regression regression 
vPriation freedom Mean square coefficient coefficient 
The . Na +Ca treatment 
Total 47 9.5466 bo : 0.5303 
f.;o l 17 . 1477 b3o~ 1.1067 4 . 766 
'Jl l 14.0556 b3lt -0 .0269 - 4.940 
:.« l 8.1352 b42: 2 . 2944 L774 
X43 1 ll.U32 b43= -0,'139b - 3 . 670 
Ll 1 10,0176 044= 0,0488 1.819 
1. 2~· l 2 ,1797 b25D •·2,8936 -0.164 
J ) l 3.5396 b12= 0,8184 0 .140 
ode1 7 60.1322 
·rror 40 0 .6441 a2 0 , 938 
The +Na -Ca treatment a 
t'otal 47 25.6225 bo - 8.6285 
JO 1 22.5421 b3o= 0.1340 0 .294 
AJJ2 1 6.0122 b42= -0 . 9757 -{) . 48o 
··iu 1 8.0857 bJ.~3= 0.2733 0.9h6 
i).[J 1 10 . 6432 b44= -0 .0232 -0.616 
25 l 8 . 7781 b25= - 6.9321 -0.225 
12 1 114.1837 b1r 3.19h8 0.418 
cde l 6 127 . 3900 
..:.rror 41 10 , 7297 a2 = 0,6)5 
"'ihe variable X31 (soluble Ca45} had to be deleted in t his regression 
·1r.alysis because the correlation with x30 was so high as to make the 
' n ·or mean square negative . 
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regression coefficient of - 0 .164. For the +Na -Ga trea~ent a value of 
-0 , 225 was obtained , This higher standard partial regression coeffici-
ent for the leaves in the oNa -Ca treatment occurs in all four equations, 
which suggests that when insufficient soluble Ca was available the 
alkaline -earth carbonates were a greater contributor to leaf Ca , but not 
to the Ca content of petioles or stems . Appenclix table 79 presents the 
standard partial regression coefficients for the last four equations and 
shows the unique contribution of each variable to the multiple regres-
sion model. 
From data shown in appendix table 79 on the standard parti~l re-
gression coefficients for equations eight and nine for all tis st:es and 
,Na !Ca treatments, the unique contribution of soluble soil Na on the 
regression of tissues ' Ca45 on the other dependent variables was quite 
small , showing that soluble Na itself does not greatly influence uptake 
of Ca45 from sadie soils. Li kewise , exchangeable Na does noL have such 
an effect ; but as seen in appendix table 79 , the effect of exchangeable 
Na is greater than for soluble Na, 
Discussion of multiple regression analysis 
The selection of variables used in any multiple regression model 
depends considerably upon t he researcher's knowledge of the behavior of 
the variables i n a given system. The behavior of a varia.ble i n a bio-
logical system may well depend upon its association with other variables. 
In biological systems such as i n this investigation one must expect, and 
be prepared for , variations in responses that are difficult , if not im-
possible, t o explain with our present limited knowledge of plant bio-
chemis try and plant growth responses influenced by some part icular 
physical phenomenon which was not measured . 
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Three multiple regression equations were developed for use in pre-
dict i on of yield for leaves, petioles, and stems. In general, these 
three equations can account for the observed yield of leaves better than 
they can for yield of petiole and stem tissues. The multiple R2 values 
for equations one, two, and three suggest that the models fit the yield 
observations better for the +Na -Ca treatments than for the +Na +Ca 
treatments. Part of this was due to the better correlations between 
tissue yields and the soil properties of exchangeable Ca and soluble Na 
or SA.R when the plant was under a Ca stress, but also a part was due to 
greater r elative error in the +Na +Ca treatment response. 
Four multiple regression equations were developed for use in pre-
diction of the Ca content of leaves from measurements of the soil 
variabl es soluble Ca, soluble Na, ESP, SAR, exchangeable Ca percentage, 
and level of alkaline-earth carbonates . Due consideration was also 
given t o the yield of soil roots as an independent variable. Comparison 
of multiple R2 values for equations four and five shows that use of the 
term SA.R and its interaction with soluble Ca was better than the term 
ESP in the prediction of the Ca content of leaves. One should expect 
that these models should predict the Ca content of tissues better when 
the plants are under a Ca stress . This appeared to be so for leaf and 
petiole tissue but not for stern tissue . 
Comparison of equations five and seven shows that for the +Na .ca 
treatments equation seven was much better. This improvement in Sit can 
be attributed to inclusion of variables f or Ca and Mg uptake by the 
plants from the nutrient solutions . 
Measurements of the Ca45 content of the shoot tissues are a reflec-
tion of the availability of soil Ca as influenced by soil Na. Equations 
eight, nire, and ten a re all capable of predicting the Ca45 content of 
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the shoot tissues from measurement of soil soluble Ca45, soluble Na, 
exchangeable Ca45, and exchangeable Na to an acceptable degree of 
accuracy as evidenced by multiple R2 values of around 0.90 to 0 . 93 for 
the +Na +Ca treatments and about 0 . 6o to 0.77 for the +Na -Ca treat-
ments. When consideration is given to the greater variability found for 
the +Na -Ca treatment, one can conclude that these equations are nearly 
equally applicable to both treatment series and all three types of shoot 
tissues . 
If one was to make a choice between equations eight, nine, and ten, 
one would choose equation ten in which measurement of soluble s oil Ca 
and exchangeable Na would be the soil chemical variables measured in 
attempting to predict the Ca content of alfalfa shoot tissue from plants 
growing in high Na soil. 
For the +Na -Ca treatments where the plant did not have access to 
sufficient available Ca, consideration of tile standard p1rtial regres-
sion coefficients shows tlla t the interaction of exchangeable Na by 
soluble Ca was the major factor influencing the Ca content of leaf 
tissue. 
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SUMMARY 
A series of preliminary investigati ons were conducted initially to 
develop an alfalfa culture unit . These investigations led to the devel-
opment of a plant culturing uni t consisting of an upper compart!U'lnt of 
initially non- sodic soil containing 22 ! l perr.ent _p..c Ca1~5/1CO g soil. 
The l01ver compart!U'lnt, separated from the upper compartment by a tar-
paraffin-gauze membrane, contained a nutrient solution with sufficient 
or insufficient amount of Ca for normal alfalfa development . 
Three alfalfa plants were established in each of 32 culture units 
on the non-sodic soil and with a complete nutrient solution in the 
lower compartment.. After establishment of plants the shoots were cut. 
for yield and chemical analysis (Ca, Mg, Na, K, ro4 , and Ca45) on the 
leaf, petiole, and stem tissue. This established the chemical composi-
tion of shoot tissues prior t o any treatments . 1~is cutting was termed 
-Na +Ca . Following this growth period the soil was treated with sodium 
carbonate in solution to establish four levels of exchangeable Na by a 
process of leaching and injection , which required 30 days for comple-
tion. The levels of ESP were 0 .90 (no Na added), 15.92, 35.1~0 , and 
54 . 92 . During the process of forming these high Na soils, the plants 
remained supplied with suffi.eient Ca by means of the roots in the 
nutrient-solution compartment . 
After establishing the four levels of soil ESP, the shoot cuttin6S 
from the next two growth periods (each growth period was 15 days) were 
obtained and termed .. Na +Ca treatments, meaning that the plants were 
now exposed to four levels of soil Na, but still the plants had access 
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to sufficient Ca for normal growth. 
Finally four of the eight cultures within each of the four Na 
levels had the Ca content of their nutrient solutions reduced to about 
11 ppm, which was sufficient to keep the nutrient-solution roots alive 
but not enough for shoot growth. Shoot ~~ttings from three growth 
periods were obtained for yield and chemical analysis of the leaf, 
petiole, and stem tissue, and termed the +Na ±Ca treatments. 
In addition to the alfalfa shoot data for each growth period, the 
nutrient solutions of each culture unit was analyzed for Ca, Mg , Na, K, 
F04, and Ca45 content before and after exposure to plants. Thus the 
amounts of these elements absorbed from or excreted into the nutrient 
solution were determin3d for each growth period. 
Following the final growth period the yield of roots from the soil 
and nutrient solution was determined. The yield of roots from the soil 
was not constant, but decreased to a minimum in the 35 . 40 ESP soils and 
increased somewhat in the 54.92 ESP soils. 
Data for the chemical analysis of the soil showed that for practi-
cal purposes all the Na added to the soil was readily extractable by 
N/!! NH40Ac• However, it was found that the amount of K extracted by 
MI40Ac was significantly (5 percent probability) influenced by the level 
of soil Na, increasing with increasing soil Na. 
The amount of total Ca and Ca45 that could be extracted by N/!! 
NH40Ac decreased with increasing soil Na and the decreases were highly 
significant. However, 0.1 fl HCl extracted the Ca not extracted by 
NH40Ac, so the Ca extracted by NllhOAc plus HCl vtas constant. Of the 
total amount of Ca present., the M140A0 extracted 6o .O, 58.7, 55 . 7, and 
53.3 percent for the four soil Na levels, respectively. It was also 
shown that soil Na treatments did not influence the amount of Mg 
extracted by either extracting agents. 
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Determination of exchangeable cation percentages of the soil after 
cropping shmYed a Na range from 0 . 90 to 54 .92 , K range from 5.90 to 
10 .42, Ca range from 82.34 to 30.76, and Mg range from 10 . 86 to 3.9C . 
Both the amount of exchangeable Ca and Mg decreased with increasing 
level of soil Na. 
Water soluble cations extracted f rom the soil equi librated at 27 
percent moisture showed that extractable wa t er soluble K was not in-
fluenced by the level of soil Na. Water soluble Na i nc reased linearly 
as should be expected for the method used to establish the four levels 
of ESP. It was found that the extractable water soluble Mg increased 
from 0.06 to 0.14 meq/100 g soil with increas i ng soil Na . The total 
amount of extractable water soluble Ca and Ca45 was found to decrease 
sharpl y when the soil ESP went from 0 . 9C to 15.92, and reached a mini-
mum in the 35.40 ESP soils; then the Ca (also Mg) i ncreased in the 
water extracts from the 54.92 ESP soils. 
Procedures were developed in which the water extracts from the soil 
were frac t ionat ed by butyl-alcohol into two fract ions termed BA-fraction 
(materi al solubl e in butyl-alcohol ) and OM-fraction (material i nsol uble 
in butyl -al cohol). It was shown that the so-called water soluble Ca and 
Ca45 were actually in some form of complex with the organic material put 
int o sol ution by the caustic nature of the Na treatment, with a nunimum 
amount of water extractable Ca-organic complex present in the 35 . 40 ESP 
soils. It is interesting to note that the cuz~es for yield of soil 
r oots as a function of soil ESP are similar in shape to curves showing 
the Ca concentration of the OM-fraction as a function of soil ESP. 
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The results of the chelllical analysis of leaves, petioles, and stems 
from the blo cuttings for the .. Na .,.ca treatments were combined for 
analysis of variance w determine the signif'jcance of the effect of soil 
treatments. The results were di s cussed according to the .. Na .,ca (odd 
numbered treatrrent) and the .. Na -ca (even numbered treatment which had 
not yet received the -ca trea·tment). 
It was found that in the odd numbered treatment series the yield of 
leaves, petioles, and stems was significantl y affected by the level of 
soil Na at the 25 percent level of probability . Evidence was presented 
which showed that as leaf and petiole tissues accunrulated Na, the Ca 
content decreased, even though suffieient Ca was availabl e f or uptake . 
Likewise, leaf Mg content decreased as level of soil Na increased, 
independent of Mg availability. It was found that as long as sufficient 
K, F04, a nd Ca were available for uptake by the plant, the level of Na 
in the tissue or soil did not interfere with the accumulation of K and 
F04 by alfalfa shoots. 
Determination of Ca45 content of shoot tissues showed that alfalfa 
leaves accunrulated a little more Ca45 from the soil than petioles and 
much more than stems. However, the diffe rences in Ca45 content of the 
three s hoot tissues became less and more constant as the level of soil 
Na increased. 1be Ca45 content of all shoot tissues decreased in a non-
linear manner as soil ESP was increased . This means that t he availa-
bility of !Ca in calcareous s adie soils was not l inearly related to ESP, 
rut consideration of amount of soi l roots showed that part of this 
non-linearity was due to variation in amount of soi l roots . 
The term t issue (Na .. K)- (Ca .. Mg} was found to have increased with 
increasing soil Na and significantly (5 percent probability) for the 
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petiole and stem Uss1:es :f:rum t,he +Na .. ca tr•ea tments of the second and 
third gro•1th pe :riods • 
Chemical analysis of the nutrient solutions after exposure to 
plants showed that Na and Ca45 moved i11to the plants, down to the 
nutrient-solution root systems, and out into the nutrient solutions . 
Upon completion of obtaining shoot samples under the conditions of 
the +Na .. ca treatments, t>.alf of the culture units had the Ca content in 
an otherwise complete nutrient solution reduced to 11 ppm Ca. These 
culture units were termed .. Na ··Ca treatments . 
The effect of placing the plants on reduced Ca was not immediate; 
consequently, the fourth grCYRth period (15 days) was not analyzed . 
Yield and chemical analysis of the fifth growth period were made. 
However, the yi.eld of the sixth growth period was nearly the same as 
the fifth growth period so it. was not analyzed. By the end of the 
seventh growth period, depressed yields were noted for the +Na -ca 
treatments . The seventh and e ightb growth periods were analyzed for 
yield and chemical composition of the leaves, petioles, and stems . 
The results of these two periods were sufficiently alike to justify 
combining t he two periods for analysis of variance . 
For the +Na !Ca treatments the yield of leaves was signl.ficantly 
reduced by the soil Na treatment at the 25 percent level of probability. 
However, for the +Na -ca treatments the yield of stems and petioles were 
not significantly reduced by soil Na. 
The total Ca content of alfalfa leaves for the +Na _.ca treatments 
remained essentially constant at 120 meq/100 g dry t issue for ESP's 
through 15 percent, but it was red~~ed some 7 to 18 meq/100 g at the 
two highest soil ESP. 
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The plants that Ylara pl.'l.tled c.n the reduced Ca nutrient solutions 
(the +Na -ca t.z-aatment.s) sho•t.;,d a great do;<:rease in Ca content. The 
dii'ference in Ca content "l>atween the leaves, petioles, and stems became 
much less wiLh l eaf Ca shOI'I.ing t he g:ruat.est relative decrease. The 
effect of soil ESP on the Ca content of the three tissues from the 
+Na -Ca treatments was not sign:U'i<::ant at the 25 percent level of 
probability. The c urve f c>!' the Ca content of the leaves as a function 
of soil ESP showed a minimum average Ca content of 19 .9 meq/100 g tissue 
from the 35.40 ESP soils and then increased to 24.2 meq/100 for the 
54.92 ESP soils. The shape of t.'le leaf Ca curve as a function of soil 
ESP was similar to the water s oluble soil Ca. versus the soil ESP curve, 
a nd also similar in shape to t.lle curve for Ca content of the OM-
fraction of the water extzoacts of the soils versus the soil ESP. This 
suggests that the ca content of alfa~fa leaves reflects the so-called 
water soluble soil ca status of the soH. The Ca content of the peti-
oles and stems for plants grown on the th:!'ee 11..igher ESP soils was a 
little less than for the non-sodic soils, which shows that high level 
of soil Na and tissue Na depi·essed the uptake of ca; however, the effect 
was not great. 
The phenomenon of sudden collapse of petioles, which is associated 
with extreme Ca defic iency, was observed several tirnes on plants growing 
on the highest level of soi.l Na. This phenomnon, however, was not 
sufficiently connnon to suggest that a pet.iole Ca. content averaging about 
24 meq/100 g dry t i s sue was relate d to collapse of petioles. Data from 
one of the prel.iminary experiments in.di.cated that the overall shoot Ca 
content ImlSt 1>e less than a"l>out 15 meq/100 g ti.ssue oofore collapse of 
petioles is a common oocun-ev.,e . 
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It was f ound tbat ~lar.t .. > f:~cn: 7l•e +Na -ca treatments accumulated 
much more Mg than pl ants fl'om the ·•Na .. ca treatments . For example , 
leaves from the 0.90 ESP soil and the ... Na -Ca treatments avezaged about 
51 meq/100 g dry tj ssue a-o compa r ed wi til 1'1 meq Mg for plants from the 
+Na +Ca treatments. Thus , it appear3d that the plants absorbed more Mg 
to make up for the lack of Ca , or perhaps a better way to look at it is 
that lack of Ca affected the permeability of ceU membranes resulting 
in greater ease in uptake of Mg. 
I t was also found iha~. pb .nt s f r um the +Na -Ga treatments absorhPd 
l ess K from the nutrient s olut:wns that were low in Ca. However, it was 
apparent that the lack of K urtake from the nutrient solutions was 
compensated for by greater. K uptake f rom the soil. The evidence shovsed 
that soil Na and tissue Na did not 1nterfere witil overall K uptake, but 
lack of Ca definitely did inte:!"fe.!'~ witil uptake of K .from the nutrient 
solutions. 
Reducing the nutrient-solution Ca resulted in a decrease in upt:1ke 
of HJ4 .from the nutrient solutions. Even though less P04 was absorbed 
by the plants from the nutrient solutions of the +Na -Ca treatments, the 
shoot tissues ac tually contained greater amounts of P04 than for the 
+Na .. ca series . Apparently "the extra P04 was taken up by the plants 
from tile sodic soils. 
In order to describe a.dequat;.ly the uptake of Ca in alfalfa plants 
and the subsequent concent.rat.ion in leaf, petiole , and stem tissue as 
influenced by the effect of high J..~ ·,·els of soil Na , more elaborate 
mathematical models must be develop3d with inclusion of many different 
indipendent variables than e<m be done with simple two-dim;,nsional 
linear models, 
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By means of a cumput-l2' pl"• .?;c~£m' ~r11de t.hree-diJnensional graphs we re 
drawn. From these graphs lmp:~ .. :osinn;; wr,re obtained as t o what variable, 
interactions , and linear t!>an.~t\':~me:ti.ons of certa jn variables should be 
used in t he multiple :!' g:t'sssion analysts, the desire being that the 
resulting multiple regr\Sssion equa.ti.)n co.n account for the observed 
variability in the dependent variable , 'l'he study of the three-dimen-
sional graphs resulted in eleven proposed basjc multiple regression 
models --three models for predi~tton of tissue yield, four models for Ca 
tissue content, and four models for tissue Ca45 content . 
In conjunction with the ruultipie regression analysis, linear 
corre lation coefficients we~~ computed between the dependent varjable 
tissue yield, tissue Ca, and t.issue ca.L.5 content ani all the appropriate 
independent variables ar.:co·rdin.g to tissue "t,ype and .. Na :!;Ca treatments, 
Within the +Na -ca t:r.-.-,atmen s .it was found that the yield of leaves was 
best correlated with the s oH ESP, where r equaled 0.398, which was 
significant at the one perce.ut le"Vel of probability. The yield of 
leaves was nElxt best cor·:relatsd w.ith soil soluble Na with r equal to 
-0 . 384, and least corTs1a'lr.!d with the SA.R of the water extract of the 
soil where r equaled -<1 •. 31.2. 
The yield of all shoot tissaes from the ... Na .ca treatments were 
significantly (at 1 pe_ .,,mt. probability) correlated with their Na con-
tent. The corre:l3.tion ':o'lfficienta (for leaves from the •Na -Ga 
treatments) betlleen t<issuEl yield and the.i:!· Mg and Na content was -0 . 531 
and -0.476, respectively. Beth 9.re highly significant values , 
It was shown that th.'J tenn -I:.Js:;ue (Na .. K)-(Ca .. Mg) for the 
.. Na -Ga treatments was be< .. tll.' cc'::-~2>h'lr.!d with yield than when the 
elements are considered alon"l. F~~ l;";B.v-33 r was equal to -0 . 679, for 
petioles r Bqualed ._.Q ,hOL .,;r,d frcr fl t."<.<ml r eq\t'iled -0 ,457 , All are 
highly signif:i 1:ant ·~a.l:.te<s . 
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Cori"3lati.cn studie~ beuneen Ca contr.mt of tjssues and soluble Na , 
ESP, and SAR shMVed tl:tat f c•'" tl\,; ~Na. - ·;a treatm.onts the tissue Ca con-
tent was better correlated wit.h soluble s oil Na than with soH ESP or 
SAR . The r values f c·r the co.:-::3.'.ation between tissue Ca content and 
soluble soil Na were 0 , 416 f ol' lea·ves, 0 .418 for petioles , and 0.344 for 
stems. 
The correlations between the content of Ca4 5 i n the s hoot tissues 
and soil Na were of g:r:'t"n.t~r. int.,:I-est irJ this study than yield and t otal 
Ca measurements because the Ga1~5 came from the high Na soils, and hence 
the effect of soU Na on avail;•J.bility of Ca in sadie soils sh ould be 
reflected in t he Ca45 con·~ent of the shoot tissues . 
Correlation studies bet">!een tt.e Ca45 content of the shoot tissues" 
and soluble soil Na were only slightly better than the correlation with 
exchangeable Na . Generally the correlation was about 0 .01 units better 
for the soluble soil Na. All <'O!Telation coefficients between tissue 
Ca45 a nd soil Na measurements were highly significant; the r values 
ranged from -0,639 to -CJ . 864 . The type of tis sue apparently does no'G 
make much diffe~ence . 
It was shown that the Ca.45 content of a ll shoot tissues was hi~"lly 
significantly correlated (at 1 pe~cent ~obability) with soluble soil 
Ca45, and not cor!'elated w:l.th er.:~'bangaable Cah5. Petiole s were somewhat 
better correlated with soluble soil Ca45 than were the l eaves or stems . 
For the +Na +Ca treatments , f0r example, t he r values were 0 . 902 for 
petioles, 0.820 for leaves , and 0 , 887 foJr stems. The poor correlati.on 
between Cah5 content of tissu.As and '3:><:ch9.ngeable Ca45 is to be expected 
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mainly because of 'lJ1e s o1.ubl :Ji ty ,,.f 1J.re alkhline-earth carbonates in the 
N/~ NH40Ac used to exk·&ct •oat.ions fr0ro the s oil and the increasing 
energy of adsorpt,ion of Ca ions by the c lay minerals as the degree of Na 
satura·tion is lllJJzeased . 
The high negative c o:!"relsti.on ( r 1·anged from -0 . 62 t o -0 . 73) be-
tween Ca45 content of shoot tissues and aTh:al.ine-eart h carbonates 
suggests that the Ca. from alkaline~ea.Tt.h carbonates was available for 
plant uptake • but t.ha t uptake de":::--sas&d in increasing soil Na and car-
ho nate content . 
Three mult.1ple :•egrilsshm a. · . .a·LI ::.r.s we:r-e used to predict t.>1e yjeld 
of shoot t.i.ssues using dlffe::<en~ sets 0f variables . Equation two was 
di sc·~ssed in more detail than eq•:.atl.Jns vilf.l and three ber.ause of the 
high multiple R2 value3, "ol1e va:o:-i.ables tissue ("Ia .. K )-(Ca + Mg} and 
soil SAR are used, and it bas si'lC less vari.ables t.'oan equation one . 
For the +}!a -Ga t -reatments equation m~ had m;ltiple R2 values of o . 8o6 , 
0 . 678 , and 0 . 711 for the lee.ves, peti.oles , and stems, respectively. 
Four multiple regressions were used to predict t he Ca content of 
the alf'ali'a shoot tissues. Within the +Na -Ga treatments multiple n2 
values of 0 .571, 0.538, and 0 .369 wer.e obtained for leaves , pe tioles, 
and Atems , respectively, us:ing e quation four. Thus, for leaves equation 
f our with a multiple R2 value of 0 . 571 showed that t his model accounts 
for· 5? . 1 percent of the observ·ed variation in the Ca content of t he 
alfalfa leaves . 
Four multiple regression models were developed to predict t he Ca4S 
content of shoot tissue . In gene,.al, equations eight, nine , and ten are 
all n"''lrly equally as good. Equ!<t:i.on ten may be a bi t better than eight 
and nim. For. the +Na +Ca t.!·.~a '.;ments the multiple a2 values of 0 . 938 , 
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0,937, and 0 .930 f or the leaves, r~tioles, and stems, respectively, ~ere 
obtained with equation te11 , This shu-.vs that about 93 percent of the 
variation in the Ca45 content of ali'alfa shoots was accounted for in 
this model . The multiple regression equation ten for leaves f rom tr,e 
+Na .. ca treatments is given below as an example of how the regression 
coefficients are combined with theix L~dependent variables to yield a 
complete regression equation. 
Y,. 0 . 5303 ·• 1.1067 (X30 ) - 0.0269 (x31 ) + 2 , 29hl~ (x42J - O. 7396 
(X43 ) + 0.0488 (X44) - 2.89.36 (X25 ) + 0 . 8184 (X1 2 ) 
where x30 = soluble Ca45 
x31 ~ (soluble ca.45 )2 
X42 exchangeable Na 
X43 e (exchangeable Na) (soluble Ca45) 
X44 (exchangeable Na)(soluble Ca45 )2 
x25 • alkaline-€arth carbonates 
X12 = soil roots, yield 
Y estimated Ca45 content of leaves in mjAc/g tissue 
The Ca45 was added to the non-sadie soil as a carbonate, and the 
plants were grown on the soil for 71 days prior to sodiumization of the 
soil and 141 days after sodiumization. Surely this was sufficient time 
to establish an e quilibri um between the Ca45 and Ca40 . If such an 
equilibrium existed, then a mathematical model similar to equation ten 
and utilizing the variables soluble soil Ca and exchangeable Na could 
be developed which shoul d be able to a ccou.'1t for at l east 90 percent of 
the variability i n the Ca conten t of alfalfa leaves of plants growing 
on calcareous sadie soils. 
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APPENDI X 
Table ' '· Cations extracted from the soils by N/~ NH40Ac for each 
culture unit 
Cu.Loctre un.L l. 
number a Ca + Mg Ca Mg Na K Ca45 
meq/100 g soil rr;f-Cfg 
11 13.80 12.46 1.34 o. 29 0.81 13.0 
12 14,74 12.85 1.89 o. 29 0.80 13.6 
13 13. 39 12.27 1.12 2.68 1.02 11.2 
14 13.97 12.51 1.46 2.69 1.10 12.3 
15 13.18 11.83 1.35 5.30 1.10 8.4 
16 12. 65 11.47 1.18 5-31 1.08 9 -5 
17 l2.JO ll.lO 1.20 8.06 1.07 9.4 
18 13. 01 11. 74 1.27 8.84 l. 23 8.6 
2l 13. 70 11.71 1.99 0.30 0 . 61 12. 7 
22 13-77 12. 25 1.52 0 . 29 0 . 66 13.1 
23 14.11 12. 60 1.51 2.62 0 . 97 11.5 
24 14.12 13. 03 1.09 2. 76 0.74 11.3 
25 12.16 11 . 06 1.10 5-74 1.09 9 . 5 
26 12.66 ll. 23 1.43 5-30 1.02 9 .8 
Z1 13-25 11.76 1.49 8.70 1.10 8.3 
23 13. 02 11.54 1.48 8 . 53 1.17 8 . 3 
31 14. 79 13. 01 1.78 o. 23 0 . 90 14. 0 
32 14.11 12. 55 1.56 o. Z1 0.73 12.1 
33 14. 35 12.83 1.52 2-55 0 . 95 
12.7 
34 14. 72 13. 01 1.71 2.51 0.98 12-9 
35 14.18 12. 67 1.51 5. 62 1.15 12-5 
36 13.10 11.75 1.35 5,72 1.1 2 
ll. 2 
37 12. 73 11.36 1.37 8 .73 1.16 
9 . 6 
38 14.54 12.57 1.97 8 . 90 l. 25 ll . O 
41 14. 09 12. 49 1.60 o. 26 0 . 07 12. 0 
42 14. 78 13.64 1.14 O. JO 0.69 13-3 
43 14 .18 12.58 1.60 2.73 0 . 95 13.1 
44 14.95 13. 48 1.47 2.82 1.06 13-5 
45 14. 35 12.70 1.65 5. 30 1. 30 
12. 2 
46 14 . 29 12. 42 1.87 5 -58 1.48 11. 0 
47 13.05 11. 24 1.81 8 .43 1.15 
10 . 2 
48 12. 45 11.29 1.16 8 . 51 1.89 8.R 
aFirst digit is replica tion number and second digit i s treatment 
number . 
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Tal:ile Ill. Cations extracted from the soils by 0.1 [ HCl following 
extraction by NH~OAc for each culture unit 
Culture unit 
number a Ca + Mg Ca Mg Nli! K Cii!45 
meq/100 g soil rr;p.c/g 
11 8.96 7.05 1.91 0 .14 0.09 1.98 
12 11.32 8.78 2. 54 0.02 0.09 2. 62 
13 10.84 8.37 2.47 0.06 0.12 4.48 
14 11.10 8.42 2. 68 0 .06 0.12 3-79 
15 13.10 10 . 22 2.88 0.06 0.15 6.17 
16 11.13 8 .70 2.43 0.11 o.11 5. 2) 
17 12.22 9.71 2. 51 0.11 0.12 6. 2'+ 
18 12.93 10 .15 2-78 0.09 0.12 7. 26 
21 9·73 7.96 1.77 0.19 0. 07 2. 20 
22 9.82 7·79 2.03 0.03 0 .. 09 1.94 
23 11. oo 8 . 35 2.65 0. 05 0.11 3· 20 
2'+ 11. 69 9.45 2. 2'+ 0 .06 0.13 3·87 
25 11.20 8.96 2.2'+ 0.06 0.12 5.40 
26 11.98 9.18 2.80 0. 05 0.07 2. 70 
27 12. 2) 9. 2'+ 3.04 0.12 0.15 7.92 
2) 13.54 10 .78 2. 76 0.12 0.16 7-69 
31 12.75 9.05 3.70 0.06 0.10 1.61 
32 11. 43 8 .43 3. 00 0.01 0.11 2.63 
33 11.76 9.06 2.70 0.09 0.13 3-09 
)4 11.57 8.95 2.62 0.01 0.12 3.94 
35 11.92 9.11 2.81 0.03 0.16 3.12 
36 12.18 9.04 3-14 0. 06 0.17 3-76 
37 13,47 9.98 3.49 0.15 0.15 4.63 
)8 12. 70 9.88 2.82 0.06 0.15 4.68 
41 11.76 9-03 2-73 0.02 0.14 1. 26 
42 12.41 9.)0 J.11 0.01 0.14 2.60 
43 lJ.07 9-79 J. 2) 0.01 0.14 ) .79 
44 12.89 9. 50 J. 39 0.01 0,16 2· 25 
45 13.09 9.84 J . 25 0.09 0.19 3-83 
46 13.75 10 . 54 J . 21 0.12 0.19 4. 95 
47 13. 2) 9.95 3·33 0,03 0.16 5. 71 
48 15. 2'+ 11.57 }.67 0.18 o. 25 8.62 
aFirst digit is replication number and second digit is treatment 
number . 
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Ta.ble h? . Water soluble cations extractable from the soil at Z? 
percent soil mojsture 
Culture unit 
_num!l!ilr a Ca + Mg Ca Hg Na K Ca4j 
meq/100 g soil m)J.c/g 
11 0.857 0.800 0.057 0.14 0.04 392.1 
12 0.784 0.740 0.044 0.12 0,04 333.4 
13 0. 204 0. 150 0.054 0.88 0,04 72.1 
14 0.198 0 . 12'+ 0.074 0. 79 0. 02 63 . 6 
15 0.212 0.147 0. 065 1.49 0.03 48 .2 
16 0.193 0.1)4 0.059 1.44 0.02 1+2. 3 
17 0. 338 0. 2'+8 0.090 2.12 0.03 71.5 
18 0. 333 0.193 0.140 2. 02 0.02 65 . 3 
21 0.722 0. 691 0.031 0.15 0.02 365. 5 
22 0, 681 0. 643 O.OJB o. Z? 0.04 315. 1 
23 0. 216 0.142 0. 074 0.86 0.02 72.8 
2'+ 0. 2'+1 0.171 0. 070 0.93 0.03 54 . 1 
25 0.199 0.153 0.046 l.Z? 0.02 47 .8 
26 0.193 0.152 0.041 1.32 0.01 51.2 
Z? 0.484 0. 364 0.120 2. 21 0 .02 88 . 5 
;:B 0.454 0. 310 0.144 2.17 0. 02 67 .7 
31 0.726 0.631 0,095 0. 20 0,04 318.4 
32 0.647 o. 6o2 0.045 0.19 0.04 269 . 5 
33 o. 237 0.182 0.055 0.89 0.03 67 . 0 
34 0. 2'+1 0.184 0.057 1.00 0. 03 59 . 2 
35 0.232 0.164 0.068 1.2'+ 0.02 39 . 7 
36 0.187 0.140 0. 047 1.16 0.04 43 .1 
37 0. 318 0.183 0.135 2.17 0.04 57.6 
38 0.479 o. 295 0.184 1.87 0.03 88.1 
41 0.877 0. 788 0.089 0.16 0,04 370 . 5 
42 0.845 0.795 0. 050 o. 20 0.07 325 · 3 
43 0. 231 0.143 0.088 0. 92 0. 03 66 . 5 
44 O. ;:B6 0. 2Z? 0. 059 1.07 0.03 86 .8 
45 0.188 0.1)4 0.054 1,32 0, 02 39 . 6 
46 o. 239 0.155 0.084 1.36 0.02 37 .1 
47 0. 338 o. 214 0.12'+ 2.10 0.02 54 . 6 
48 0.470 0. 326 0.144 2.41 0.05 65 . 6 
aFir st digit i s replication number and second digit is trea tment 
number. 
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Table 43 . Exchangeable cations for each culture unit 
Gulture unit 
number a Ca + Mg Ca Mg Na K Ca4~ 
meq/100 g soil my.c/g 
ll 10 .83 9.78 1.05 0.15 0 .77 1260.79 
12 10 .82 9.4) 1.39 0.17 0.?6 1326.66 
13 8 . 97 8 . 22 0.75 1.80 0 . 98 1112. 79 
14 8 . 77 ? .85 0.92 1.90 1.08 122).64 
15 6.87 6.17 0.70 3.81 1.07 8)5 . 18 
16 6.82 6.18 0. 64 3.87 1.06 945 . 77 
17 4 .77 4.)0 0. 47 5. 94 1.04 9)2.85 
18 3· 72 3· 35 0.)7 6.82 1.21 853 .47 
21 ll.Ol 9. 41 1.60 0 .15 0. 59 1233. 45 
22 11.11 9.88 l. 23 0.02 0.62 1Z78 .49 
23 9. 04 8 .07 0. 97 1.76 0.95 1142.72 
~ 9. 21 8.50 0.71 1.83 0.71 11~.59 
25 6. 21 5.65 0.56 4.47 1.07 945 . 22 
26 6. ?6 6.00 0.76 3.98 l.Ol 974 .88 
Z7 4.18 J .?l 0. 47 6.49 1.08 821 . 15 
33 4.~ ) .76 0. 48 6.36 1.15 8 23· 23 
31 10 .81 9. 51 l.JO 0 .08 0.86 1)68.16 
32 10 .98 9. 77 1.21 0.08 0 . 69 1183.05 
33 9 . 11 8 .15 0. 96 1.66 0. 98 1263. )0 
34 9. 29 8 . 21 1.08 1.51 0.95 1334.08 
35 6 . ~ 5·58 0. 66 4 . )8 1.13 1~6 . 03 
36 6.11 5. 48 0.6) 4.56 1.08 1115.69 
37 4 . 07 ) .6) 0.44 6.56 1.12 954.~ 
38 ) . 50 ).0) 0. 47 ?.0) l. 22 1091.19 
41 11. 02 9. 77 l. 25 0 . 10 0.6) 1162. 95 
42 11 . 03 9.85 1.18 0.10 0.62 1297 . 47 
43 9. 02 8 .10 0. 92 1.81 0.92 1303· 35 
44 8 . 97 8 .09 0.88 1.75 1.03 1341.32 
45 6. 49 5. 74 0.75 ) .98 1.33 1216.04 
46 6.07 5· 33 0. 79 4 . 22 1.46 1096. 29 
47 4 . 29 ) . 69 0. 60 6. 33 1.13 1014. 54 
48 3.81 ) .45 0. )6 6.10 1.84 8?3. 44 
a First digit is replication number and second digit i s treatment 
number . 
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Table 44 . Exchangeable cation percentages for each culture unit 
Culture unit 
number a Ca + Mg Ca Mg Na K 
percent of C,E,C. b 
11 92.17 83.23 8.94 1.;:8 6. 55 
12 92.08 80 . 26 11.82 1.45 6.47 
13 76.34 69 .96 6. 38 15. 32 8. 34 
14 74.64 66 .81 7·83 16.17 9.19 
15 58.46 52· 51 5·95 32.43 9.11 
16 58 .04 52. 60 5.44 32.94 9.02 
17 40.60 36.60 4.00 50.55 8.85 
18 31.66 ;:8. 51 3·15 58 .04 10.30 
2l 93.70 80 .09 13. 61 1.;:8 5.02 
22 94 .56 84.09 10.47 0.17 5· 27 
23 76 .93 68 . 68 8. 25 14.98 8.09 
2+ 78 .39 72· 34 6.05 15.57 6.04 
25 52.85 48 .09 4.76 38 .04 9.11 
26 57·53 51.06 6.47 33·87 8. 60 
27 35·58 31.57 4.01 55.23 9.19 
;:8 36.08 32.00 4.08 54.13 9.79 
31 92.00 80 .94 11.06 0. 68 7· 32 
32 93.45 83.15 10.30 0.68 5.87 
33 77 · 53 69 .36 8.17 14.13 8.34 
34 79 .06 69 .87 9.19 12.85 8.09 
35 53.10 47.49 5.61 37 . ;:8 9.62 
36 52.00 46. 64 5·36 38 .81 9.19 
37 34 .64 J0.89 3·75 55.83 9.53 
38 29·79 25 ·79 4.00 59.83 10 . 38 
41 93 ·79 83.15 10.64 0.85 5·36 
42 93.84 83.83 10.01 0.85 5.31 
43 76.77 68.94 7.83 15.40 7·83 
44 76.34 68 .85 7.49 14.89 8.77 
45 55·2+ 48.85 6. 39 33.87 10 .89 
46 51.66 44.94 6.72 35·92 12.42 
47 36. 51 31.40 5.11 53.87 9. 62 
48 32.43 29 . 36 3.07 51.91 15. 66 
aFirst digit is replication number and second digit is treatment 
number . 
bCation exchange capacity of soil , 11 .75 meq/100 g. 
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Table 45. Chemical composition of BA-fraction of soil water extracts 
Culture unit 
number a Ca Na K Ca45 
meq/100 g soil )-'.)'c/ g 
11 o. 182 0.160 0.049 109 . 32 
12 o. 218 0.145 0.107 78 .88 
l:J 0 .000 0.493 0 . 0)8 2.85 
14 0. 000 0. 486 0.060 1.18 
15 o.ooo 0.595 0 .0/8 0.44 
16 0 .000 0 . 609 0 .026 1.18 
17 o.ooo 0 . 624 0.02) 1.55 
18 0 .000 0 . 689 0 . 0,54 0 .94 
21 o. 206 0.145 0 . 0)5 88 . 43 
22 0. 2-18 0 .152 0.053 75 -75 
23 0 .000 0 . 508 0.0)6 2.61 
24 o.ooo 0.486 0 . 0)9 ).52 
25 o.ooo 0 . 595 0.020 1.15 
26 o.ooo 0.595 0.049 2. 26 
27 o.ooo 0 . 479 0.043 4 .49 
2) o.ooo 0 . 551 0 .0)) 2. )4 
31 o. 215 0.181 0,067 78 . 58 
32 0. 197 0. 145 0.040 98 .41 
33 o.ooo 0 . 5)7 O. O:JC 4 . 92 
34 o.ooo 0 . 522 0.02) 4 .06 
35 0. 000 0 . 566 0.025 1. 51 
)6 0. 000 0.5 25 0 .0 )0 1.50 
37 o.ooo 0 .72) 0. 025 l.:JO 
)8 o.ooo 0 . 6)9 0. 040 ) . ,54 
41 o. 273 0 .131 0 . 06) 117 . 08 
42 o. 2)7 0. 174 0. 072 109 . 68 
43 0 .000 0.522 0. 0,54 2. 59 
44 o.ooo 0 . 624 0 . 0) 2 4 .85 
45 0. 000 0 . 508 0 .061 0 .90 
46 0 . 000 0 . 595 0 . 0)0 2.15 
47 0.000 0.747 0.0)0 0. 69 
48 0. 000 0 .972 0.0)) 0.8) 
aFirst digit is replication number and second di git is treatment 
number . 
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Table 46 . Chemical compositi on of 0!-1-fra ction of soil water extracts 
Culture unit 
number a Ca Na K Ca45 
meq/100 g soil )"y.c/ g 
11 0 .454 0 .167 0 . 036 175.42 
12 0 . )87 0 . 145 O. OZ7 118 .88 
13 0.196 0.406 0 . 026 22.49 
14 0 . 2)6 0.406 0 . 033 )0 . 94 
15 o. 2)0 0 . 653 0 . 0)0 25.41 
16 0 .150 0 . 609 0 . 0 25 ~.36 
17 o.~3 l.OJO 0. 033 52. 17 
18 0 . 2~ 1.044 O.O;:B 32.84 
21 o. 387 0 . 167 0 . 023 182. 64 
22 0 . 425 0.123 0.025 115. Z7 
23 0.167 0.370 0 . 037 )0 . 95 
~ o . 215 0 . 326 0 . 026 30 . 37 
25 0 . 163 o . 653 0 . 046 ;:B .01 
26 0 . 160 0,609 0 . 022 25. 12 
27 0.300 l. 211 0 . 033 68.79 
;:B 0. 315 1.131 0 . 033 35.60 
31 0.416 0 . 116 0 . 025 168 . 00 
32 0 . 430 0 . 145 0 . 029 164 . 30 
33 0.147 0 . 3)4 0 . 020 32. 62 
34 0 . 190 0 . 319 0 . 029 36.00 
35 0.125 0.6)8 0 . 040 27 . 04 
36 0.151 0 . 609 0 . 0)0 25 . 00 
37 0 . ~9 1.117 0 . 053 52· 33 
)8 0. Z?O 0 . 943 0 . 036 52. 09 
41 0 . 526 0 . 145 0.062 174. 94 
42 0 . 500 0 .145 0 . 030 142. 39 
43 0.176 0 . 370 0 . 0 23 32. 58 
44 0 . 217 0 . )77 0. 026 33 · Z7 
45 0. 14 2 0 . 668 0 . 039 13.8 2 
~·6 0. 160 0 . 595 0. 039 26 . 14 
47 0 . 32) 0 . 986 0 . 026 30 .80 
48 0. 315 l. Z?6 0 . 0)5 37 . 09 
aFirst digit i s replication number and second digit is treatment 
number . 
Table 47. Soil-water pastes , pH at Z? percent water 
Culture unit numbera 
ll 
12 
13 
14 
15 
16 
17 
18 
21 
22 
23 
~ 
25 
26 
27 
::B 
31 
32 
33 
34 
35 
36 
37 
38 
41 
42 
43 
44 
45 
46 
47 
48 
pH 
6.82 
6.79 
7· 65 
7.60 
8 .10 
8 .16 
8 . 25 
8.32 
6.85 
6.86 
7. 65 
7.50 
8.40 
8.12 
8.50 
8.48 
6.85 
6.85 
7 · 60 
7·55 
8. ::.0 
8. 00 
8.40 
8. 50 
6.85 
6.87 
7·75 
7·55 
8 . 25 
8 . 25 
8. 35 
8. 60 
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aFir st digit is replication number and second digit is treatment 
number. 
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Table 48. Yields and chemical composition of alfalfa tissues of the 
first growth period 
Sample 
de scriptiona Yield Ca+Ng Ca Mg Na K P04 Ca45 
..l1!m.. ..JJtL ~ g 100 g 100 g g 
1111 0.9517 133·4 105.1 33.3 8.9 113 .0 19 .4 10.46 
1112 0.1055 199.1 139·3 59.8 37 ·7 184.0 13· 3 11.26 
1113 0.5335 92.7 70.0 22.7 14. 6 159.0 13.2 4.76 
1121 0.6606 137.8 115.1 22.7 8. 3 76.0 19 . 2 14.55 
1122 0.0719 180.8 139.1 41.7 57 .0 183.0 12.5 9.78 
1123 0. 3610 94.2 60 .9 33· 3 26.9 142.0 12.9 6.69 
1131 0. 6380 148.0 114.4 33. 6 9.4 101.0 22.9 9.17 
1132 0.0915 185.8 131.1 54.7 44.8 191.0 13.7 8. 25 
1133 0. 4032 105.2 71.9 33·3 12.1 167 .0 15.9 3.86 
1141 0.5675 169 . 2 141.0 33.2 2.0 104.0 25·9 9. 69 
1142 0.0753 239 .0 159.4 79.6 64 .4 174 .0 15·3 18 . 68 
1143 o. 3225 108.5 86.8 21.7 16.9 143.0 15. 2 4.58 
1.151 0.6264 137·3 107 .0 30-3 8.8 132.0 26.8 11.13 
1.152 0.07 Z7 113.7 91.7 22.0 49.5 213.0 19 . 2 7.62 
1153 o. 2610 1)4.1 88.1 46.0 19.4 180.0 23.6 3.42 
1161 o. 6500 138.5 112.3 26.2 14.9 112.0 19.7 14.84 
1162 0.0848 230.5 117 .9 82.6 45.4 140.0 16 . 5 14.84 
1163 o. 3131 121.4 89.4 32.0 25·2 156.0 11.8 10.59 
1171 0.9871 132.1 101.3 30.8 10 .4 56.0 22.0 7.85 
1172 0.1395 157 ·7 114.7 43 .0 33.5 197 .0 16.1 5.94 
1173 0. 6806 76.4 58 .8 17 . 6 5·9 140.0 13.8 3.01 
1181 0.7507 148.4 118.6 29.8 6.7 113.0 23·7 8.15 
1182 0,1172 187.7 136.5 51.2 40.5 187.0 17 .1 7.1 2 
1.183 0.5080 63.8 43 . 3 23.5 8.1 157 .0 16. 3 2. 97 
1211 0.5933 143.2 109 . 6 33. 6 9.3 104.0 15.8 25.58 
1212 0.0475 160.4 95.8 64. 6 80 .0 179.0 12.6 17.13 
1213 0. 2939 85.1 54.4 30·7 12.8 121.0 11 . 6 10 . 30 
1221 0.3910 1)4.0 107.4 26. 6 15. 3 83.0 14.1 32.46 
1222 0.0477 153·7 100.6 53·1 79.6 189.0 14.7 23.32 
1223 0. 2267 88.2 66 .2 22.0 21.5 121.0 12.4 15.67 
1231 0,6085 152.8 118.3 )4. 5 9.4 101.0 34.0 11.14 
1232 0.0888 168.9 118.2 50.7 )4.9 183.0 54.6 8.35 
1233 0. 3885 84 .9 64 .4 23.5 14.7 135.0 Zi' ·7 3.80 
1::.41 0.4192 145. 5 109.7 35.8 12.4 98.0 21 .8 25.18 
1::.42 0 .0590 233 .4 135.6 67 .8 35.6 169.0 69.5 19.89 
1::.43 o. 2305 129 .7 89.8 39 ·9 23 .9 156.0 31.2 14.38 
1251 o. Z735 142.6 117.0 25.6 15.1 114.0 ::.4. 7 8.44 
1252 0.0550 145.5 109.1 36.4 65·5 239 .0 23.6 7.36 
1253 0.1498 106.8 73.4 33·4 26.7 167 .0 18 .0 5. 31 
1261 0.5388 148 . 5 115.1 33·4 10 .1 111.0 32-9 22.62 
1262 0.0954 188.7 125.8 62.9 16.8 111.0 62.9 17.11 
1263 0. 2137 117 .0 79 . 6 )4.4 23 · 2 146.0 13.3 13.30 
aFirst digit designates growth period; second digit , replication number; 
third digit , treatment number; fourth digit , tissue. Where l is leaves, 
2 is petioles , and 3 is stems . 
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Table 4a Continued 
Sample 
de scriptiona Yield Ca+Mg Ca ~lg Na K P04 Ca45 
~ ....l!tL l!l,LI!' 
g 100 g 100 g g 
1271 0 .4144 13'7. 6 98 .9 38 · 7 12.1 97.0 14. 2 25.57 
1272 0 .0769 182.1 104.0 78 .1 30 . 6 187 .0 11.1 18.46 
1273 0.1772 1~.2 67 .7 56 .5 13 · 3 127 .o 17 ,8 14. 55 
1:::£31 0.4848 147.3 115.5 31.8 8 .7 110 . 0 25.5 7·38 
1:::£32 0.0486 178 . 3 139 . 9 38 .4 63 .8 ::P6 . 0 19. 5 7.62 
1:::£33 0 .1869 133 .8 109.7 2+.1 22.1 217 .o 22· 7 5·39 
1311 0.332+ 123.3 99 · 3 2-f .O 11.7 100.0 13.8 25.03 
1312 0 .032+ 135· 7 105.6 JO . l 80 . 2 185.0 12.3 2+.29 
1313 0 .1513 99 .1 59.5 39 . 6 19 .8 136.0 11.9 18 . 21 
1321 0.5255 148.4 123·7 2+.7 8.9 98 .0 17.7 23 . 59 
1322 0 . 0481 190 . 3 135 .1 55 . 2 35. 9 169 .0 15. 6 16. 77 
1323 o. 2607 111.2 69 . 0 42.2 7 . 6 127 .o 14.2 9. 97 
1331 0.4933 152.0 109.5 42.5 7 ·0 101.0 19.7 18 . 29 
1332 0 . 0613 212.1 122·3 89.8 :::£3 . 1 194. 0 16. 3 14.14 
1333 0 .:::£305 96 . 3 74 . 9 21.4 8 .7 138 .0 13. 2 8 .70 
1341 0 . 3606 135·9 97 .1 38 .8 10 .0 90.0 12.8 2+.90 
1342 0. 0488 122.9 90.2 32· 7 59 .4 154.0 8. 2 17.06 
1343 0.1453 89 . 5 51.6 37 · 9 ::P. 6 129 . 0 12.4 14.84 
1351 0 . 3731 152.8 115. 3 37·5 10 . 6 101.0 18 .1 26.)0 
1352 0 .0493 182.6 121 -7 60.9 35 . 6 168 .0 18 .1 21.00 
1353 o. 2160 111.1 71.8 39·3 8 . 6 116.0 13.4 13.71 
1361 0.3159 137.8 107 .4 )0 .4 11.7 95 . 0 13. 6 19 . 79 
1362 0.0390 180 . 5 l:::£3. 2 52.) 34.6 179.0 11.5 16. 40 
1)6) 0.1738 126. 6 71.9 54·7 9-9 115.0 1) . 2 11.38 
1371 0. 3718 134.5 99 .5 )5.0 10.6 104. 0 14.5 29.42 
1)72 0 .0519 192. 7 106. ) 86.4 40 . 5 217.0 10.4 34.81 
1373 0 .16)0 85 .9 58 · 3 27 · 6 10.6 138 .0 12. ) 2+ . :::£3 
1381 0.)586 165.6 130.0 )5.6 8.9 94 . 0 lJ. l )5.96 
1382 0 . 05<P 2)0 .8 15).8 77 ·0 )0.8 192.0 1).5 35· 79 
1383 0.1)65 131.9 87.9 44 .0 JO .O 1~.o 19. ) 25 . 56 
1411 0.3::P5 146. 6 110.5 36.1 lJ.l 101.0 1).8 29 .76 
1412 0 .0414 19) . 2 129 .1 64.1 38.6 166. 0 14. 5 22.45 
1413 0 .1394 143 . 5 78 .9 64.6 9· 7 126. 0 12. 2 22.05 
1421 0 .0722 184.7 127,/J. 57 · 3 40.2 8).0 9·7 29 .1) 
1422 0. 01:::£3 156. ) 100 .0 56.) 5Q.O 195.0 ).9 ;6.84 
142) O. OJll 108 . 6 78.6 JO.O 96.5 121.0 4.0 )1.86 
14)1 0. 2703 129 . 5 88 .8 40.7 12. 5 102.0 12.4 19.22 
14)2 0. 0410 172. 6 1)0.1 42. 5 58 ·5 18). 0 7·3 15. 58 
1433 0 . 11:::£3 106.4 66 .5 39· 9 26 . 6 133 ·0 9. 8 13. 10 
1441 0.3458 150 .4 127 .8 22. 6 8 . 7 80.0 10 . 7 27 .85 
1442 0.0)09 168.3 129 .4 38.9 77 · 7 146.0 11.3 27.06 
1443 0.1665 108.1 78 .1 30.0 19 . 5 98.0 10 .8 21.10 
1451 0 . 3498 157 · 2 134.6 22. 6 10 . 4 130.0 23.9 12.76 
1452 0 .0449 178.2 12+.7 53·5 57 ·9 234 .0 15. 6 11.32 
1453 0.1899 90 . 6 69.0 21.6 13.8 181.0 ::P .0 5·75 
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Table !18. Continued 
Sample 
descriptiona Yield Ca-+Mg Ca Mg Na K P04 Ca45 
..JWL ..l!I!L.. l!l,U&. 
g 100 g 100 g g 
1461 0. 3169 151.5 116 .8 J4.7 8 .7 77.0 12. 0 i-1 . 44 
1462 0. 0379 175.9 116.1 59 .8 58 .0 172. 0 11.9 22.20 
1463 0.1784 126 . 9 72·9 56 .0 12. 6 116.0 9.8 16.00 
1471 o. 2643 146.8 111. 6 35·2 8 . 5 90 . 0 12.7 26 . 98 
1472 0. 0191 162.0 117.3 44 . 7 50.1 262.0 5. 2 J0 .06 
1473 0.1381 1J0.3 86. 9 43.4 19 . 9 109 .0 11. 6 20 . 14 
1481 o. 2670 171.4 135· 9 35· 5 12.0 96 . 0 13. 2 27 ·72 
1482 0. 0261 218 .1 157 · 9 60 . 2 34.7 178 .0 17 .8 25.87 
1483 0,1397 143. 1 93.1 ;)0 .0 11.4 107.0 11.5 19 . 38 
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Tabl e 49. Yields and chemical composition of alfalfa tissues of the 
second gro<rth period 
Sample 
descriptiona Yield Ca+Mg Ca Mg Na K POlo Ca45 
g ...l!!SlQ... ....lll!:L ~ 100 g 100 g g 
2111 2. 0603 142.2 116.0 26 . 2 5.8 1~. 0 14.2 7 .05 
2112 o. 2379 142.8 116. 6 26 . 2 11.8 210.0 13. 7 7·38 
2113 0. 9;:.08 81.1 53 · 7 Z/ .4 4 . 9 198.0 lJ.6 4. Z1 
2121 1.9411 147 .7 133 .0 19 . 7 4.1 119 . 0 13. 7 5 .82 
2122 0 .4086 142.7 124.7 18 .0 6.4 206 .0 9. 4 5,70 
2123 l. 2678 68 .4 53·3 15. 1 3. 6 189 . 0 10.7 J .87 
2131 l. 7975 141.3 124. 4 16.9 14.0 118.0 15. 3 2·75 
2132 0. )416 142.9 121. 2 21 . 7 20.5 223.0 10 . 0 2. 72 
2133 1.1394 84 .0 70 . 1 13 .9 13.2 216 .0 11.4 1.89 
2141 1.7491 119.1 91.5 Z/.6 19.2 129 . 0 17. 4 1.94 
2142 o. 2958 108.2 88.9 19 . 3 25 .0 162.0 12.3 2. 40 
2143 1.3897 75 ·9 61.8 14.1 13. 2 233 . 0 13.0 1.40 
2151 1.8679 145 .0 120 .8 24. 2 18.5 126.0 17 .7 0 .83 
2152 0. 3911 122.4 107.4 15.0 24.0 222.0 13. 6 0 . 79 
2153 0 .8293 85.2 74.0 11.2 15.7 210. 0 13· 3 0 ,73 
2161 l. 3720 129.7 107 . 1 22.6 ~.8 145 .0 21 .1 o.so 
2162 0.1919 l39 . 1:l 122. 9 16. 9 30 . 2 255 .0 17.2 0.52 
2163 0 . 6930 95 · 5 70 . 3 25.2 14.8 204 . 0 15. 9 0. 32 
2171 1.5744 125 · 3 97.1 33.2 33.0 121. 0 14.6 0.93 
2172 o. 2981 120 .0 99 . 7 20 . 3 49.6 205 .0 11.9 0.93 
2173 1.1454 70 . 2 42. 6 Z/.6 32·9 210 . 0 10.5 0 . 62 
2181 1.8727 141.8 118 . 9 22. 9 39 · 2 126. 0 17 . 2 0 . 60 
2182 o. 2933 150 .5 120.9 29 . 6 55. 1 184. 0 14. 0 0.65 
2183 1.3591 92. 2 72. 0 22. 2 38 . 3 184.0 12. 4 0.39 
2211 2. 0198 142. 5 112. 9 29.6 6.2 132.0 19 . 3 7·15 
2212 0 . 3166 151.2 129 . 7 21.5 7.6 218.0 14.9 6.75 
2213 l. 3435 89.1 64.5 ~. 6 3·0 216 .0 13.8 4.96 
2221 2. 3254 143.0 121 . 3 21..7 3. 6 101.0 13. 5 11. 68 
2222 0 .4768 142. 5 118 .8 23· 7 5· 3 180 . 0 11.9 ll. 25 
2223 l. 6753 85 . 6 64.2 21 .4 3·3 155 ·0 9. 6 7 · 13 
2231 1.6702 134 .8 108 . 5 26 . 3 13 . 5 165.0 18.8 2.21 
2232 0 . )444 135.8 115.1 20 . 7 19 . 2 ~1. 0 13.8 1.54 
2233 0 .8008 81. 3 67 . 2 14.1 10 . 6 176.0 10 . 9 1..54 
2241 1.8254 143.0 122.0 21. 0 11 .0 155.0 15. 7 1. 21 
2~2 0 . 3522 144. 7 120 . 6 ~. 1 10 .8 204. 0 11.8 1. 33 
2~3 0 . 6804 92.0 68 .0 ~.0 7· 7 163. 0 11.0 1.06 
2251 l. 2637 137 · 5 117 .0 20 . 5 22. 4 173.0 17 . 4 0.65 
2252 0.1868 138 .8 118 . 7 20.1 )4.3 155·0 13. 4 0.68 
2253 0 . 7173 96.0 72.1 2). 9 18 . 1 150.0 10 . 6 0. 50 
2261 2. 1552 151.9 127 . 9 24.0 21 . 2 103.0 16.3 1.98 
2262 0. 5741 157 · 9 129 . 9 33 . 0 29 . 6 171.0 9. 6 1.81 
2263 1.~73 91.8 67 .8 ~. 0 22. 2 195. 0 16.8 1.47 
a Firs t digit designates growth period; second digit , replication number; 
t hird digit , treatment number; fourth digit tissue . Where l is leaves , 
2 i s petioles, and 3 is stems . 
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Table 49 . Continued 
Sample 
descriptiona Yield Ca-tHg Ca Hg Na K P04 Ca45 
..J:!!l.9..._ 1_ ~ g 100 g 100 g g 
2Zi'l 1.6295 125 .0 104. 7 :;p , 3 36.2 146. 0 17 .8 0.96 
2Zi'2 0. 3598 123. 6 105.4 18.2 38 . 4 225. 0 15.0 0 .77 
2Zi'3 0.8541 86. 9 70 . 2 16.7 22. 2 157 .0 12.3 0. 67 
2::!31 1.2997 151.3 li-t.O Zi'·3 37 .4 li-t .O 16.6 0.91 
2::!32 0. 2583 154.4 1;:6 .0 26 .4 45.7 Z?l.O 13. 6 0.82 
2::!33 0 .8577 107.4 85 . 2 22.2 32.4 210,0 13. 4 0. 64 
2311 1.6955 126. 5 105.8 :;p . 7 4.1 140.0 16. 5 8 . 21 
2312 o. 2549 154.3 133 · 3 21.0 9.4 153.0 14.7 6.11 
2313 1.1148 95 ·7 83 .1 12. 6 2.7 191.0 11.7 5. 34 
2321 2. 43::!3 144.9 119.2 25 ·7 3.1 106 .0 15. 0 7.42 
2322 0.4173 143. 0 116. 6 26.4 5.1 ::P4.0 10.5 7.47 
2323 1.5266 93.0 72. 7 :;p . 3 2. 6 177.0 ll.l 3. 61 
2331 1. 9364 137 · 5 114. 6 22.9 12. 7 108 .0 15.8 2. 40 
2332 0. 3880 134· 3 113. 5 ;:6 .8 19 .1 217.0 9·7 1.76 
2333 1.2306 86.4 69.0 17 .4 10 . 1 203.0 10.6 1.87 
2341 1.5180 130 .4 107 . 9 22. 5 15.5 132. 0 17.8 1.30 
2342 0. 3956 133· 5 108 . 6 2+.9 :;p . 2 2Z? . 0 13.4 1.02 
2343 0.7472 87.2 64 .4 22.8 11. 4 199.0 13.1 0.59 
2351 0. 7807 130 . 5 103.6 26.9 32-7 171.0 18. 6 0. 91 
2352 0.1315 129 .4 108 .7 20.7 44 .1 251.0 22.1 0. 66 
2353 0.4267 98.7 79 . 2 19.5 29 . 5 i-tl.O 26. 9 0 .46 
2361 0. 3399 lZ? . 6 103. 9 23 · 7 100 .0 171.0 25·3 4.17 
2362 0,0350 167.7 94.9 72·8 125·7 229.0 ;:B . 6 3· 30 
2363 0. 0912 77· 2 57.4 19 .8 74. 6 230 .0 2J.O 1.61 
2371 1.1753 117 .8 103.0 14.8 50 . 5 152. 0 ::P .4 0.81 
2372 o. 2+18 125· 3 105.7 19.6 72·8 2+4 . 0 15. 5 0.71 
2373 0. 5037 98 .7 80 . 5 18.2 43 . 7 173. 0 17 . 9 0.84 
2381 1.5949 105. 3 92. 7 12. 6 60 .8 113.0 19 .7 0. 30 
2382 0. Z759 120,0 106.0 14.0 63 .8 210 . 0 14. 5 0.44 
2383 0.8922 85. 5 72· 5 1),0 33. 9 198 . 0 14.7 0. :;p 
2411 1.6669 135 ·7 110 . 5 25 · 2 3. 4 1)8 .0 15. 2 6.04 
2412 0.4017 135· 3 108 . 2 Z? . l 4. 3 229 .0 10 .0 5.80 
2+13 1.0697 88 .1 71.6 16. 5 2.7 210 . 0 12. 6 4. 27 
2421 l.::P38 143.4 118 . 0 25 .4 2· 5 180 .0 22. 9 4. :;p 
2+22 0.1963 157 · 5 137 · 7 19.8 5.1 2+5 .0 16. 6 4 .00 
2423 0. 5930 88 .8 75 · 6 1).2 2.7 2::!3 . 0 19 . J 2.89 
2+31 2. 3004 136.9 111.6 25. 3 ll. 2 li-t.O 8 .0 3.86 
2+32 0.4598 118 . 7 104.1 14. 6 17 .4 207 .0 9. 3 3. 86 
2+33 1.4163 80 . 3 65.4 14. 9 12. 5 188 . 0 9. 0 3· 23 
2+41 1. 6908 1;:6 .1 107 . 4 :;p . 7 9.8 123. 0 16. 6 0 . 66 
2+42 0. 2::P5 147 · 7 126. 7 21.0 16. 9 195 ·0 12.7 0. 79 
2+43 l. 3::!39 96.7 84 . 3 12.4 9· 3 ::Pl.O 12.0 0.46 
2451 1.87 ::!3 121.4 lOLl :;p , 3 20 .0 119 .0 15· 5 0. 63 
2+52 o. 3074 1::!3.9 107 .8 21. 1 32. 5 221 . 0 11.2 0. 63 
2+53 1.0861 95 .1 77·3 17.8 29 .8 195· 0 11.8 0 .45 
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Table 49. Continued 
Sa'llple 
dencriptionaYield Ca-+Mg Ca ~!g Na K PO!J: Ca45 
~ ...!!L. !ll)A£. 
g 100 g 100 g g 
2'+61 1. 2566 123· 3 104. 9 18 ,4 23 . 4 150 . 0 20 . 4 1.48 
2'+62 0 . 2127 12:3 · 2 101+ .9 18 . 3 32.9 329.0 18.8 1.23 
2'+63 0 . 6047 74.2 57 -1 17 . 1 21.9 186.0 14.4 1.00 
2'+71 1.8549 1)4.4 107.6 16.8 25 . 1 117 . 0 14.9 0. 39 
2'+72 o. 2320 121. 4 99 -9 21.5 )8 .8 194. 0 10 . 1 0. 29 
2'+73 1.5049 83 .1 65.4 17 .7 23 -7 188.0 9-7 0 . 19 
2'+81 0 . 3305 77- 3 63.2 14. 1 8S .3 118.0 21.2 0 .2) 
2'+82 0 . 0423 123 .8 101.3 Z?.5 118 . 2 163. 0 16 .5 o. 22 
2'+83 0 . 0966 82. 6 58 . 4 2+. 2 87. 0 166.0 17 . 6 0.35 
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Table 50 . Yields and chemical composition of alfalfa tissues of the 
third groHth period 
Sample 
descriptiona Yield Ca-+Mg Ca Mg Na K P04 Ca45 
~ ...l!l!:L ~ 
g 100 g 100 g g 
3111 1.9718 149.9 118.1 31.8 5.4 100.0 13.8 9.08 
3112 0.3632 142. 9 113. 0 29 . 9 6.2 162.0 10.5 9. 96 
3113 0.7497 88.9 62.4 26. 5 4 .0 142.0 11.7 6. 59 
3121 1.8950 153· 2 122. 5 30·7 3· 3 92. 0 12.9 9.83 
3122 0.4)87 135· 5 107.5 ;!l .O 5· 7 173·0 8 .9 7. 61 
3123 0 .9557 84.8 59· 2 25 . 6 3·6 150 .0 11. 6 5.44 
3131 1.8396 149.6 116.7 32.9 13.3 92.0 16. 0 2·95 
3132 0 . 4563 153. 0 1~ . 7 ;!l. 3 15.3 178.0 11.0 3· 43 
3133 0 . 9753 84.2 66 .8 17 .4 11.2 162. 0 14.5 2. 62 
3141 1.6)03 135. 4 108 . 1 27·3 17 . 6 98 .0 18 .1 1.86 
3142 0.3564 130.2 110.1 ~.1 23.8 168.0 12.3 1.45 
3143 0 . 8~3 77.8 61.1 16. 7 9.1 167.0 14. 9 l. 22 
3151 1.5048 147 . 2 119.0 ;!l. 2 18.3 115. 0 19.6 0 . 51 
3152 0. 35?0 12+.7 106.5 18.2 19.6 193.0 13. 8 0.49 
3153 0.4959 93 . 2 77 · 2 16.0 18.7 188.0 17 . 9 0,44 
3161 l. 2364 135·2 113.3 21.9 27.9 109.0 23 . 9 0. 37 
3162 o. ~63 141.8 117.1 2+.7 31.0 184.0 15.8 0.)4 
3163 0.5506 94.6 72.0 22.6 14.8 198.0 19.5 o. 29 
3171 1.5<66 125.8 102.5 23·3 33·9 92.0 16.0 0. 54 
3172 0 . 3253 116.0 99.5 16.5 43.8 160.0 12.1 0. 57 
3173 1.1900 65 .0 46 . 6 18 .4 26. 2 132.0 14.3 0 . )4 
3181 l. 2949 132·3 111.3 21.0 31.5 94 .0 21 . 0 0 . 31 
3182 0. 2325 158 . 3 l;!l. 6 29.7 64.5 159.0 15. 3 0 . )8 
3183 0 .8446 99 -9 72-9 27-0 37 .0 184. 0 17 -5 0.)4 
3211 1.7884 158 -3 132. 3 26 .0 5. 6 99 .0 18.9 10 .77 
3212 0 . 3604 152. 9 l;!l . 3 2-! . 6 10 .4 175·0 12.8 10 . 65 
3213 1.1770 91.4 67 .0 2+.4 s.o 166.0 16 .8 7.03 
3221 2.1733 153.0 122.0 31.0 4.2 87.0 16.0 12.41 
3222 0.4675 139· 3 116. 6 22·7 5· 3 171.0 11.6 10.67 
3223 1.0355 88.4 66.6 21 .8 3.8 151.0 14.8 8 . ;!l 
3231 l. <611 145 . 5 115.1 30 .4 16. 6 116.0 25.1 1. 90 
3232 0 . )097 136.4 110 . 6 25 .8 19 .4 194. 0 14 .5 1.73 
3233 o. 6999 88 .8 64 .7 2-f , 2 9 .4 ~5.0 ~.5 0.98 
32+1 1.7801 155. 1 l;!l . 6 26 .5 16.9 101.0 15.3 2. 18 
32+2 0.3677 1)7 .o 115 .0 22.0 2) .8 168.0 10.0 2.~ 
32+3 0 .8898 85 .1 72. 1 13.0 8.1 169.0 13.3 1. 52 
3251 1.3583 126.4 105. 6 ~ . 8 17 .0 129 .0 ~.4 0. 60 
3252 o. 2774 12-! .8 108 . 2 16. 6 23 .4 195.0 13·7 0. 56 
3253 0 .8966 87.7 71.1 16.6 15.3 181.0 14. 9 0.42 
3261 2. 0456 151.7 l;!l.O 23-7 21.4 91.0 15. 5 1.84 
3262 0 . 5136 150 . 6 1~ . 8 29.8 27 ·7 148 .0 11.7 1.53 
3263 0 .8137 97 -9 75 -4 22-5 12-3 12-! . 0 14. 0 0. 99 
aFirst digit designates growth period; second digit , replication number; 
third digit , treatment number; fourth digit , tissue . Where 1 is leaves, 
2 is petiole s , and 3 is stems . 
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Table 50. Continued 
Sample 
descriptiona Yield Ca-+Mg Ca Mg Na K P04 Ca45 
~ .J!l!:L ~ g 100 g 100 g g 
3271 1.8440 138.1 113.2 ;j!. . 9 ;ji. . 4 94 . 0 2J . 2 0 . .54 
3272 0.4700 122.9 105. 6 17 -3 18.6 170 .0 14. 2 0. 58 
3273 0. 9893 76. 3 63 -7 12. 6 10 .4 137 .0 15,5 0.49 
3;:!31 l.39::l3 143. 6 116. 5 27 -l 39 -5 117 .0 21.5 0. 33 
3::l32 0. 2265 113. 3 110 .4 22.9 36.4 163. 0 15. 2 0. 31 
3::l33 0 . 6380 79 -9 63 . 0 16. 9 19.1 135. 0 14.8 0.17 
3311 1.9418 156.1 127 -9 ;:!3 . 2 2. 6 116 .0 17.4 7.48 
3312 o. 2733 141.5 118 .1 23.4 7-3 157 .0 13.0 7-37 
3313 1.17 25 72-4 62.4 10 .0 3-7 134.0 11.7 3.82 
3321 2-5356 160.8 125.4 35-4 3-2 109 .0 21.4 7.80 
3322 0.4168 137 -8 110 . 2 27 · 6 5.4 146.0 13-5 6.33 
3323 1.0049 77-0 59 -7 17 -3 2. 2 98 .0 13. 5 3-58 
3331 1.9422 155-5 137.1 18 .4 18 .4 104.0 18 . 5 2. 03 
3332 0. 3529 134.7 109 . 2 25-5 14.9 150.0 11.5 1.66 
3333 0.8658 82.2 63.6 18.6 9. 0 126.0 13.4 1.36 
3341 1.72+5 129 .8 101.3 ;:!3.5 17.4 119.0 17.4 1.07 
3342 0.4.549 113 -7 89 . 2 ;jl..5 13.2 161.0 12.6 1.21 
3343 0.7184 76-2 56.2 2J .O 9.6 141.0 15.0 0. 94 
3351 0.962J 119.2 92.4 26.6 &.7 139 -0 21 -7 0. 92 
3352 0.1646 106.1 77 .0 29 .1 30 .4 188. 0 17 .8 0.79 
3353 0.3945 80 . 6 60.7 19.9 & .7 185. 0 22-3 0.74 
3361 0. 2758 98 . 5 71.8 26.7 106.1 91.0 16 . 5 0.94 
3362 0.0441 146. 6 85 . 5 61.1 no . 5 136.0 17.0 1.61 
3363 0.0596 90 . 6 79.8 2J .8 58 -7 137 -0 18 .9 1.65 
3371 0. 9476 116.5 98 . 6 17-9 42. ') 97 .0 22-7 O.JO 
3372 o. 2113 132· 2 110 . 7 21.5 53 · 2 175-0 15. 4 0. 31 
3373 0. 3748 98 .1 79 -0 19 .1 44.0 168 .0 18 .8 0. 32 
3381 1.40.54 1&.9 108 . 5 16.4 48 . 6 97 . 0 & . o 0.38 
3382 0.3;:!34 131.0 109 . 9 21.1 57 -9 180 . 0 16.0 0.40 
3383 0. 6263 93.4 73 . 6 19 .8 &.0 186.0 19 . 3 o. 25 
3411 1.5222 148.3 125 -9 22.4 2-9 125.0 17 . 6 6. 2J 
3412 0.4134 141.7 118 .7 23.0 4.2 191.0 12.1 5-82 
3413 0.8148 84.6 66 .7 17 -9 2· 2 176.0 17 -0 3-70 
3421 0-5721 232.1 179 .8 52-3 4.4 160.0 27 -7 5-38 
3422 0.1;:!33 2J0.4 1.54.7 45 .7 10 .7 195 .0 18 . 5 3·64 
3423 0. 1068 85.1 60 .1 25.0 6.4 159.0 & . 6 4. 25 
3431 2-1702 134. 2 112.1 22.1 15.1 108 .0 13. 9 2-75 
3432 0 .4834 112.4 98.8 13. 6 18 .1 178 .0 9-3 2-56 
3433 l. 2579 61.4 45.0 16.4 10 .9 137 . 0 10 . 9 1.60 
3441 1.8870 145. 2 118.7 26 . 5 10 . 6 102.0 17 . 5 0. 63 
3442 0. 3659 131.3 106.5 ;j!. .8 13. 7 169 .0 12. 3 0. 51 
3443 1.3968 64 .8 48 . 6 16.2 6.9 137.0 13.8 0. 31 
3451 l. 5676 107 .1 80 . 6 26 . 5 33· 2 116.0 19 . 6 0. 51 
3452 0. 2922 106.8 85 . 5 21 · 3 38 -5 195.0 13-7 0.41 
3453 0 .7146 68 .7 48 .8 19 .9 26.2 170 .0 17.3 0.83 
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Table 50 . Continued 
Sample 
de scriptiona Yield Ca-t{llg Ca Ng Na K PO~ Ca45 
~ ..l!l!L ~ 
g 100 g 100 g g 
3461 l. 7 259 l2L2 121.2 10 . 6 25·3 93.0 16.1 0.94 
3462 0. 3362 112.3 92. 6 19 .7 )0 . 5 149.0 8-9 0.65 
3463 0.9414 70 . 2 50.5 19 .7 15 . 6 150 .0 13,0 0.56 
3471 l. 3836 133-7 107 .4 26 . 3 29·5 106 .0 15.7 0.22 
3472 0.2183 121.2 103. 2 18.0 36. 6 165 .0 10 .0 0. 20 
3473 0. 9623 70 .0 47.6 22.4 20.1 166 .0 13.8 0.13 )481 
)482 No Plant 
3483 
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Table 51 . Yields and chemical composition of alfalfa tissues of the 
fifth growth period 
ariP e 
descriptiona Yield Ca#!g Ca Hg Na K P04 Ca45 
...liWQ._ ....miL ~ 
g 100 g 100 g g 
5111 2. 3752 121.4 110 .8 10 . 6 6.8 97 .2 14 .4 9.07 
5112 0 .4205 111.1 96 . 9 14. 2 7.1 171.2 10.3 9.01 
5113 1.6655 56 . 9 43 .0 13. 9 5. 6 145. 6 10 .7 4.43 
5121 l. 3938 95.9 55 .1 40.8 2.5 96 . 9 26 .7 1.08 
5122 o. 2354 57 . 2 37 · 5 19.7 9. 6 202.7 18. 2 6.91 
5123 0.8823 53 .1 :!+ . 4 2l. 7 3.0 171.3 19 . 5 4 .82 
5131 1.8755 140 .9 123 .2 12.7 15.9 94.4 17 .0 4 .08 
5132 0 .4365 116. 5 104. 7 11.8 20 .0 194 .7 10 . 5 3.19 
5133 1.3300 65 .8 53 · 3 12.5 11.9 160. 4 10 .5 2.15 
5141 l.52i+ 99 .1 53 . 6 4] .5 27 .9 93 . 6 25 .0 7.08 
5142 0 . 2600 74 . 3 19 . 3 55.0 32·7 188 . 5 17 ,8 0.18 
5143 0.9841 )8. 2 29 . 2 29 .0 20 .1 174.4 18 .4 3· i+ 
5151 l. 3710 1)8 .0 1?9 .0 29 .0 22. 2 98 .5 16.4 ]. 'i? 
5152 0, 3183 145.2 110. 6 )4 . 6 36 .1 194.8 11.8 1.19 
5153 0 ·7105 101.3 ?2.0 29 . 3 18.5 184.7 13.4 0.81 
5161 1.3208 73 ·7 )4 . 6 39.1 36,6 93 .4 30 · 3 0.95 
5162 0 . 2252 68.2 )8 .6 29 . 6 48.8 190 . 9 25.8 0 .91 
5163 0.7754 44.9 19 .4 25·5 26. 2 154.8 22·7 1.00 
5171 1.7726 135 · 5 108.3 27· 2 32.8 90.5 15. 9 0.77 
5172 0 . 3692 116.3 101.7 14.6 45 .0 170 . 6 10.3 0.69 
5173 1.2'310 53.9 43 · 3 10. 6 19 . 5 140.1 12. 5 0.52 
5181 1.1830 92.8 40.2 52. 6 40 . 2 105.7 26. 6 0.85 
5182 0,1923 79 · 5 32·7 46.8 67 .4 186.7 23 . 9 0.63 
5183 0.7921 54.2 26 .5 27 ·7 J?.l 168.9 18 .3 0.47 
5211 2.0639 130.8 120 .8 10.0 6.5 91.4 18 . 2 9.31 
5212 o. 3523 131.0 117 . 9 13.1 10 . 6 187.1 10. 6 9.19 
5213 1.4596 69.5 54 . 6 14.9 3.4 149.0 14.1 5· 21 
5221 1. i+Sl 93·9 70.3 23. 6 2.6 109 . 5 )0 .4 12. 37 
5222 o. 2523 60 . 2 )8.0 22.2 10 .4 218 .0 :!+. 8 7 . 23 
5223 0.6127 49.9 2'+ .4 25·5 3.7 220.3 25 .8 4 .76 
5231 1.4:!+0 135·7 123.0 12.7 19 . 5 107.7 17 .2 3· 34 
5232 0 . 3269 110 .0 95 .1 14.9 23 . 3 198 .8 12.4 3. 31 
5233 1.0951 62. 4 47 .1 15.3 10.7 167.4 13.7 1.68 
5i+1 1. 6812 89 .4 59 ·7 29·7 26 . 6 91.8 20.5 6.42 
5i+2 0 . 3362 78.6 23.4 55. 2 29·7 136.8 16,4 4.13 
5i+3 1.0558 57 .1 32· 9 2'+. 2 lJ.O 120 .0 17. 3 4.30 
5251 1.1275 108 .1 94 .4 13·7 23 · 3 105.0 19. 6 0.69 
5252 0 ,1994 115 .1 100.8 14. ) 35 .1 110.3 12.1 0 .90 
5253 0 . 5746 76. 0 68. 4 7. 6 23.4 102.2 11.9 0 .46 
5261 1.7443 81.2 J? . 3 43.9 29.1 69 .2 21 . 5 4.09 
5262 0.)883 67 .2 30.4 )6.8 47 . 6 123.6 26 . 6 3.15 
5263 0.7755 )0 .9 23 . 3 22.6 )0.4 123 .9 25.1 3· 35 
aFirst digit designates growth period; second digit , replication number; 
third digit , t r eatment number; fourth digit , tissue . Where l is leaves , 
2 is petioles , and 3 is stems . 
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Table 51. Continued. 
Sample 
descriptiona Yield Ca+He Ca Ng Na K P04 Ca45 
~ _m_ ~ g 100 g 100 g g 
5271 l. 6736 126 .4 113 · 5 14.9 20.5 57 .8 16.8 0.48 
5272 0. 4574 120.9 104 . 3 16. 6 25.3 117.5 11.3 0.44 
5273 l. 3673 71.2 54. 3 16. 9 2+ .8 103.7 11.5 0. 21 
5261 0.9726 95 .9 43 .4 52· 5 21.0 152·5 19.5 2.06 
5::62 0.1801 77·9 36 .0 41.9 52. 6 127 ·7 18 . 7 0 .74 
5::63 0.7664 62.0 34-8 27· 2 25·7 104.4 18.6 0 . 59 
5311 l. 7427 131.0 120.6 10.4 3.8 55. 9 16.0 7 -67 
5312 0.3305 148~8 136.9 11.9 10 .6 145. 2 11.2 8 .18 
5313 1.5164 ?6 .0 65 .8 10 . 2 4.1 103.9 11.4 4 .01 
5321 1.8255 75 . 0 40.8 34. 2 3.6 79·3 26 .1 9.89 
5322 0. 3115 62. 5 36.1 26.4 5-9 144.5 2-J.,1 8.03 
5323 1.1633 40. 6 2+.5 16,1 2.6 108.9 22.4 6.02 
5331 l. 7 266 123· 2 109.9 13·3 13·7 46 .4 15.7 3·49 
5332 o. 3269 140.5 118 .1 22.4 25 .1 115.5 10.5 3.78 
5333 l. 3523 77·6 60.0 1?.6 12.8 114.6 11. 6 2.22 
5341 1.1556 88.3 4? . 5 40.8 22.4 69.2 25-5 6.90 
5342 0.2945 68.4 36.6 31.8 29 ·7 139· 2 18 .7 4.70 
5343 0.6481 51.7 2+.5 27· 2 15.4 121.5 20.6 3-36 
5351 l. 2314 109.9 96.2 13.7 20.1 104. 2 1?.4 0.87 
5352 0.1937 98.9 80 .0 18 .9 29-7 144.6 19.4 0.67 
5353 0 .7345 61.3 54-5 6,8 18 .7 95-3 13.3 0.45 
5361 0.?860 75-8 26.3 49.5 31.8 77·9 2+.8 0. 52 
5362 0.0888 71.7 29 . 6 42.1 69.0 146.4 21.8 0.60 
5363 0.4?89 49.6 17.2 32.4 19.6 114.8 19.8 0 . 33 
5371 1.0729 110.0 93 . 0 17 .0 35-0 93 · 2 19 . 3 0.46 
5372 o. 2017 109.6 97 .0 12.6 4?.1 123.9 14.6 0.45 
5373 0. 5337 68.3 57 . 5 10 .8 26.9 100 .7 14.1 o. 2+ 
5381 0. 9707 70.6 26 .1 42. 5 il-5-9 63.5 23.6 o. 22 
5382 o. 2223 69.8 31.2 38.6 55·7 112. 5 18.3 0.22 
5383 0. 5431 45.0 19.2 25.8 31.9 103.6 19.3 0.46 
5411 l. 3352 114.0 105.4 8 . 6 4.1 63-7 15.0 5-43 
5412 0. 3683 119 . 2 110.2 9.0 6.8 149 . 3 12.4 5· 26 
5413 0.8?90 77 .4 62.8 14. 6 4.3 145.1 15.1 2-93 
5421 0.8194 64 .? 36 .8 27·9 3·0 94.6 29.4 4.43 
5422 0.1304 65 .8 34.4 31.4 15.0 129.8 25-2 3.83 
5423 0. 3460 62. 5 26.0 34·5 5·8 12+ . 3 26.2 2-77 
5431 1.8456 92- 2 ?8 .4 13.8 14.9 59 · 5 14.5 3· 57 
5432 0.4060 88 . 2 61.9 26 . 3 25.4 138 . 5 11.9 3. 49 
5433 1, 2788 57 -1 46 .0 11.1 14.0 116.0 11.9 2. 64 
5441 l. 2357 79.1 43.2 35·9 12. 0 ?6. 9 26.7 3.86 
5442 0 .1809 78.4 36.9 41.5 2+ . 2 141.1 23.8 3.01 
5443 0.8857 44 . 2 25.4 18.8 12.0 103.0 22.6 3. 68 
5451 l. 6570 123.1 112.7 10 .4 17 .8 70 .0 18.6 0. 69 
5452 o. 2993 122. 4 102.3 20 .1 27.6 127 . 0 16.7 0.71 
5453 1.0205 74·3 62.7 11.6 18.2 62. 5 14.9 0.63 
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Table Sl. Continued 
Sa:mple 
descriptiona Yield Ca#lg Ca }\g Na K P04 Ca45 
~ ....m!:L ~ 
g 100 g 100 g g 
5461 1.0)85 90.3 47.4 42.9 26. 5 77.6 22.6 2· 97 
5462 0. 2185 76.2 31.4 44 .8 )0.9 139-5 14. 0 2. 63 
5463 0. 6940 60 . 6 30.8 29 .8 17.1 108 .1 15. 5 2.42 
5471 1.5172 143.4 121.7 21 .7 23·3 83. 2 16.0 0.55 
5472 o. Z?59 118.4 89 .8 :;6 .6 31.3 159 · 5 11 .1 0.)8 
5473 1.3192 67 .8 55. 2 12,6 16. 3 126.9 13.5 o. Z1 
5481 
5482 No Plant 
5483 
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Table 52. Yields and chemical composition of alfalfa tissues of the 
seventh growth period 
Sample 
descriptiona Yield Ca·tt<!g Ca Hg Na K POfl: Ca45 
~ .JitL ~ 
g 100 g 100 g g 
7111 1.4640 129.4 115.) 14.1 4.2 115-2 18.5 8.)6 
7112 o. 2'<:36 106.2 91.3 14.9 6.1 168.3 11.8 5·55 
7113 0.3995 69 .3 54.1 15. 2 4.4 195· 2 15.3 3·09 
?121 1.1216 91.3 48 .0 43·3 3.0 123.3 31.0 6.13 
7122 0.1934 54 ·5 36.8 17 .7 3·9 186.1 19 .4 5·79 
7123 0.4769 46.8 26.9 19.9 3·1 182.4 20 . 6 4.83 
7131 1.8653 144.4 1)4.4 10 .0 22.9 124.9 19.6 3.45 
7132 0. 3075 108 .8 85.8 23.0 22.8 149. 6 10.1 2. 69 
7133 0.5453 75· 3 69 .0 6. 3 17 .8 142.1 10.2 2. 07 
7141 l. 3032 88 .9 1>5.3 43 .6 37 .0 1)5.8 33·9 4.42 
7142 0.1959 51.2 23 .5 22·7 35·7 17). 6 21.5 ).3) 
714:3 0.4668 48.5 21.2 -z? . ) 19 . :3 152.1 21.4 2. )6 
7151 1.07:35 1)6.9 118.0 18.9 23 . ) 147 · 5 22.8 1.21 
7152 0. 212:3 98.9 88.8 10 .1 :33·0 160.2 14.4 0.80 
715:3 0.2692 97 . 6 7).0 24. 6 21 .4 170.9 15.8 0.97 
7161 0. 9:3Zi' 59·7 15.0 44.7 )6 . 5 120 .6 )5 . 2 1.)8 
7162 0.1523 36.2 18 . 6 17.6 32·7 216.0 -z?.O 1.34 
7163 0.4267 45.6 12.1 33·5 18 . 2 123.3 'Z1 · 3 1.30 
7171 1.5501 130 .7 108 . 2 22· 5 'Z1 · 5 95.4 16.8 0.65 
7172 0. )020 125.8 103. 2 22. 6 33·9 182.1 11.5 0. 66 
7173 0.7709 61.9 49 . 6 12.3 12. 2 126. 5 13. 0 o. 29 
7181 0.8062 59.0 19 . 3 39·7 54.7 102.3 )2.6 0. 35 
7182 0.1368 36.0 17 . 2 18.8 85.9 190.1 21 .0 0.)2 
7183 0. )691 )1.6 1).1 18. 5 49 .4 124. 6 21.8 0. 33 
7211 1.7301 146.7 126 .8 19.9 5· 5 102.1 19.7 11. 23 
7212 o. 2948 116.5 101.6 14.9 8. 5 179 .8 10 . 5 9.14 
7213 0.9007 74.5 60.5 14.0 2.8 150 .0 10 .7 5· .58 
7221 1.0949 8) . 5 33·7 49.8 4. 2 106.6 34·7 ll. 20 
7222 0.21)8 46.9 'Z1·5 19.4 5.8 168 .4 23 .1 7.48 
7223 0. )085 )8 . 5 17 . 5 21.0 4.9 152· :3 23 . 3 5.05 
7231 1.1018 137.1 120 .0 17 .1 19 .7 125.6 2).8 2.24 
72:32 o. 2502 129.1 109 . 3 19.8 22.0 159 .9 14.0 2.02 
7233 0.4680 74 . ) 60 .7 13. 6 12.8 143. 2 15.3 1.21 
7241 1.220:3 69 . 3 26.2 43 .1 23 .8 110.0 Z7 .0 4.26 
7242 o. 2473 44 .9 22. 6 22· 3 32·3 173.9 17 .4 ) .82 
7243 0. 5531 35.9 17 .4 18 . 5 16.9 144. 6 17 .8 ) . )8 
7251 0.8826 108 .4 90 .4 18 .0 49 . 6 199 .7 26. 3 1.15 
7252 0.1532 139. 6 122.6 17 .0 57 .1 156 .7 13.9 l. 22 
7253 0. 3690 84.4 68.1 16. 3 :37·3 113 .8 11.3 0.83 
7261 1.1829 67 .7 15. 2 52· 5 41.9 126.8 29 .0 2.89 
7262 O. -z?20 )8 . 9 16.1 22.8 50.6 183.8 21 .7 2. 36 
7263 0. 2426 30 . 6 14.2 16.4 )4 .0 156. 6 20 . 6 2.01 
aFirst digit designates growth period; second digit , replication number; 
third digit , treatment number; fourth digit , tissue . Where l is leaves , 
2 is petioles , and 3 is stems . 
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Table 52. Continued 
Sample 
descriptiona Yield Ca+Mg Ca ~lg Na K PO/! Ca45 
..:ru&... ...l1tL ~ g 100 g 100 g g 
7271 1. :a371 lG').l 114 . 3 14.8 42. 5 142.6 23·7 0.60 
7272 0. 3597 122-5 102.4 2).1 lf0 . 3 225.2 15 . 9 0.49 
7273 0. 5534 71.1 59.8 11.3 22. 6 178 .4 15.2 0.32 
7:a31 0.7484 89 .4 34 . 2 55- 2 50 .1 121.9 32.6 1.54 
7282 0. 1431 73.7 :;B .1 45.6 75 . 1 2)2.7 ;4 .0 1.45 
7283 0. 3175 47.4 16. 3 31.2 45.7 179 -5 23.2 0.85 
7311 1.4161 134-7 119.4 15. 3 4.9 118 . 3 19.2 7.44 
7312 o. 2825 131.9 121.9 10.0 8 .0 194 .7 14 .4 7-15 
7313 0.9446 79 · 3 69 . 9 9.4 4.4 171.1 14.7 4.25 
7321 1.1282 102.4 64 . 3 38 .1 3·7 1;4.1 ;:B. 6 )0 .02 
7322 0.1378 48.0 G') .O 19 .0 10.0 188 .7 21 .0 18 .74 
7323 0.4868 53 -3 25 -3 ;:8 . 0 6.0 126.0 19 . 3 19.61 
7331 1. 3462 159.3 136 .9 22.4 27 · 9 133·7 ;4 .0 2.38 
7332 0 . 2362 139.7 125.6 14.1 36.0 2)3 . 2 12.7 2.34 
7333 0.5184 100 . 2 84.4 15 .8 19.3 166.4 16.2 1.41 
7341 0.8:;B8 64 . 9 2) . 5 44 .4 27.9 107.1 27.6 3-98 
7342 0.1980 51.1 21 . 6 G') . 5 31.6 176.7 22.1 2.59 
7343 o. 2396 51.6 2).3 31.3 G') . 2 179·5 26 . 3 3·05 
7351 0.6447 132.4 123·5 8.9 52·3 l:;B .o ::9.9 1.::9 
7352 0.1026 83. 9 67.4 16. 5 63 .4 155·9 21 .9 0.91 
7353 0 . 32+6 65-5 .')8.6 6. 9 51.6 175·6 21.0 0 .76 
7361 0. 5037 102.8 28 .4 73-9 63 . 3 183.6 35-0 0. 63 
7362 0 .0583 69 .8 34 .8 35.0 51·5 2)5.8 23.1 0.59 
7363 0.11::9 49.5 21.9 27 . 6 31.0 168 . 3 19.9 0.41 
7371 0 • .')832 122-5 111.7 10.8 46.0 122. 2 19-7 0. 68 
7372 0.1233 119.3 100 . 6 18.7 35 .0 189.2 15-7 0.55 
7373 o. 2)06 51.2 LfO . 2 11.0 17 -5 12+. 6 14.0 o. 2+ 
7381 0.8413 64 . 2 19.3 44.9 54.0 104.0 :;B. 2 2.51 
7382 0 . 2)25 41.9 25-3 16. 6 55. 6 163.0 17 .4 2-50 
7383 0. 3283 38 · 2 16.7 21..5 26 .7 146. 2 21 · 5 2.02 
7411 1.1219 137-3 118 .7 18.6 3.0 126. 3 2).4 5.22 
7412 0. 3157 126. 2 115.1 11.1 6. 3 167 . 9 15.6 4.62 
7413 0.4437 94 .1 78 . 2 15.9 3.4 162. 3 17.3 3. 47 
7421 0.5364 88 .2 30.0 .')8 . 2 4.7 163.1 36.4 8 .13 
7422 0. 0884 37 · 2 ;4- . 6 12.6 14 .1 1.')8.4 22.6 3. 60 
7423 0. 122+ G') . 9 19. 0 10. 9 10 .2 98 .0 18.9 3-11 
7431 1.5566 101.9 86.8 15.1 18 .1 103.8 21 -5 2.00 
7432 0.3994 96 . 3 81.8 14. 5 23.8 180 . 3 15.0 1.82 
7433 0.7198 5Q . 7 37.6 13.1 14.8 159 .8 13.9 1.2+ 
7441 0. 9706 64. 0 23 · 2 40 .8 16.4 117 . 2 27 .o 3· 29 
7442 0.1798 47 . 2 2+ -7 22. 5 30 . 6 172.4 2).6 2. Lf0 
7443 0.4694 44 . 2 16. 5 27 ·7 17 . 6 157 . 6 26. 3 1. 23 
7451 1.4755 132-9 118 .4 14. 5 26 .1 107.7 18 . 2 0.70 
7452 o. 2730 138 .1 113. 6 ;4. 5 35· 7 179-5 12. 6 0.81 
7453 0. 67 27 87 .7 71.7 16.0 25 .1 154 . 2 14.0 0,52 
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Table 52. Continued 
Sample 
de scriptiona Yield Ca#'Ig Ca Hg Na K PO!± Ca45 
~ _lJl!:!.._ ~ g 100 g 100 g 
7461 0.8294 73.2 18 .5 54.7 44.8 110.0 Z1 .6 1.83 
7462 0.1635 84.7 40.4 44 . 3 45 . 9 183.5 18.9 2.12 
7463 o. 3520 54.0 22.8 31.2 23 .4 150.6 21.0 1. 46 
7471 l. 3742 l'Z/ . 2 116 .2 11.0 2-J,.O 98 . 2 19.1 0.53 
7472 0 . 2375 133.8 118 .9 14.9 23.0 176.8 13.0 0.56 
7473 0 .9'Z/3 69.5 55·7 13.8 13 .8 163.1 16.3 o. Z1 
7481 
7482 No Plant s 
7483 
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:able ~3 . Yields and chemical composition of alf alfa tissues of the 
eighth growt h period 
Sample 
dcscripti ona Yield Ca+Mg Ca Hg Na K PO!< Ca4.5 
~ JitL ~ g 100 g 100 g g 
8111 1.0406 110.6 89.1 21..5 4.2 110 . .5 16.1 .5.30 
8112 0.191.5 86.4 6?.9 18 . .5 ? .6 229.8 12.1 6. 63 
8113 0 .44?3 61.3 4.5.8 1.5 • .5 .5 . 6 16.5 • .5 1.5 . 1 3.8? 
81 21 1. 2.560 88 . 6 4?.3 41.3 3·.5 10? • .5 2.5 . 9 9 . .53 
81 22 o . 2736 .58 . 6 3.5 ·2 23 . 4 4 . 6 204 . ? 19 . 6 6. 68 
81 23 0 . 7 206 46 . 4 ::e . 9 17 • .5 2. 6 142.2 20 • .5 .5 . 49 
8131 1.1432 1)4. 3 118 . 3 16 .0 32.8 93 · 3 1?.? 2.99 
8132 o.:M.5 106.9 93 . 6 13.0 36 . 6 198 .0 13. 6 2.33 
8133 0 .4.507 90.2 ?2.0 18 . 2 22 • .5 1.57 ·.5 1.5. ? 1.44 
8141 1. )067 92.1 33.1 .59 .0 29 . 2 109 . ? 37 · 3 2.9.5 
8142 0. 23.50 .58 .0 2'+ .4 33 . 6 33·2 21? .0 ::e • .5 1.90 
8143 0 . 6?85 44 . 1 21.1 23.0 16.6 141.9 21.2 1.79 
8151 0 .8657 122.9 111.2 11.7 35 ·7 1)4.3 21.1 1. 23 
815 2 0, 2089 99 .5 81.4 18.1 J? .4 2'+4.1 16.8 0.80 
8153 o. 3380 ??.1 63.7 13.4 20 . 3 207.1 16 . .5 0.65 
8161 0. ?376 72·3 19.4 52· 9 55.1 113-5 )0.2 1.85 
816 2 0 .1296 68.5 27.1 41.4 45 . 1 223 .8 23 . 6 1..51 
8163 o. 2747 62.6 18 .4 44 . 2 29 6 189 . 3 23 .0 1. 23 
8171 1..5835 12'+ . 1 101.2 22.9 33 ·4 84.8 15 . 3 0 . 61 
8172 0.)420 114.2 95·9 18.3 38"4 169 . 6 11.2 0 • .5.5 
817) 1. 2274 54 ·7 41.7 13.0 1.5 .8 120.9 12. 2 0 .43 
8181 0 • .5689 .50. 9 12.3 )8 .6 84 . 6 118.? 14.? 0 . )4 
818 2 0.1071 .59 . ? 23 .1 36. 6 110 . 9 1.58 . 7 26 .8 0.36 
8183 o. 208 2 46 .4 18.3 23 .1 54.0 177 ·7 2'+. 9 0 . 35 
8 211 1.7910 14?.? 127.2 20 .5 4. 4 94 .0 15.8 10 .89 
8 212 o . 3530 103.2 86 . 2 17 .0 6.5 181.3 11.6 7 · 54 
8 213 1.3131 61.2 48 .1 lJ . l 2. 6 13.5 .8 11.0 4 • .58 
8 221 1. 2648 81.2 32. 4 48 .8 3·0 105.4 23 · 3 9· 33 
8 222 0.::635 53 . 8 26.0 Z7 . 8 3· 7 190 . 5 20 . 1 6.59 
8 223 0 . 6009 42.? 20 .5 22. 2 2. 6 135·2 22· 3 6.18 
8 231 0 . 6734 136.8 113. 3 2).5 42.? 102.1 22.8 2.46 
8 232 0 . 1815 106.4 82. 4 2'+ . 0 37 · 9 220 .4 14. 5 1.81 
8 233 0 . )400 ?4 . 4 60 .8 1).6 22.1 18.5. 3 1?. 2 1.11 
8 2'+1 1.)802 ?1.6 Z7 .? 43. 9 )0 . 8 109 .9 2'+. 5 3.84 
8 2'+2 0 . 2760 .51..5 z6 .o 2.5·.5 2'+ . 9 210.1 19 • .5 2.88 
8 2'+3 0. ?066 40 . 6 17 • .5 2J. l 12. 4 l4J . 3 19. 3 2.41 
8 2.51 0 . 7021 12'+. 7 111.7 lJ .O 65.9 11? . 5 23 .0 1.10 
8 252 0. 1552 105 .8 85 .8 20 . 0 )8 . 4 186 . 9 16.1 0.8? 
8 2.53 0.3692 81.8 62.4 19 .4 40.6 173-7 16. 3 0.47 
8261 1.)004 81.7 20.2 61.5 50 • .5 91.0 23 . 5 2.02 
8262 o. 3722 44.6 1?.6 Z? .O 42.0 182. ? 20 . 6 1.41 
8263 0.4174 41.2 14. 5 26.7 Z7 .o 136 . 6 19.6 1.47 
aFirst digit de signates grm1th period; second digit , replication number ; 
third digit, treatment number; fourth digit , tissue . 1-lhere 1 i s leaves , 
2 i s petiole s , and 3 i s s tems. 
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Table 53 . Continued 
Sa.'llple 
descriptiona Yield Ca# !g Ca r!g Na K PO!J: Ca45 
~ ...lliL. ~ 
g 100 g 100 g g 
8 271 l. 3050 lJ8.5 121.8 16.7 63 . 2 81.7 17 . 2 0.95 
8 272 O. J088 101.7 83 . 6 18.1 44 . 5 174. 9 11 . 3 0. 64 
8 273 0.7226 72.4 55.6 16.8 al . 5 167 .8 15. 4 O.J4 
8all 0.4)80 88.2 25.0 63 . 2 62.8 109,6 33 · 7 0.82 
8al 2 0.0744 ?J.8 31.1 42.7 75.6 2l5.1 al . 6 0 . 5J 
8al3 o. 2307 61.1 20 .0 41.1 41.9 151.7 al.4 0. 35 
8311 1.5331 152· 2 137 ·7 14. 5 2.9 110 ,9 18.4 7 .44 
8312 o. 2681 118 . 6 106. 2 12.4 3· 9 zn .4 12. 6 5.54 
8Jl3 1.0013 64 .8 54 . 7 10 .1 J .4 148 .1 12.7 2.98 
83 21 1.1856 104.2 45.0 59 . 2 2.1 118 .1 2).9 10 .87 
8122 0 . 2077 66.6 32. 6 ji .O 3·0 2)2. 2 18 .4 9.87 
83 23 0.4072 55.6 25 · 2 J0 .4 2· 3 132. 6 2) .1 7. 36 
8331 0.9600 133.1 102.7 J0 .4 37·7 142.4 26 . 3 3.78 
833 2 0.1641 98 .8 73·7 25.1 36. 2 231.6 14 . 5 1.92 
8333 0.32J4 78 . 6 57·3 2)_ , 3 25 .1 188.6 18 . 3 1.40 
8)41 0. 6009 75.8 23 . 6 52. 2 jl. 2 99 .9 23.1 3· 30 
8;42 0 . lal6 58.1 26.8 31.3 ;4.0 202.2 20 .7 2.43 
8J43 o. 2308 56 . 6 20 . 9 35·7 21 -7 169 .0 2)_ , 9 2.05 
8351 0 . 2392 95 .8 76. 7 19 .1 62.8 122. 2 30 . 5 0 . 97 
8352 0.0363 86.0 70.0 16.0 60 .0 165 . 3 :<!'l-.1 0 . 74 
8353 0 .1066 70 .8 46.1 :<!'l- . 7 52.8 168 . 9 22· 3 0.74 
8361 0 . 3981 80 .1 2)_ ,0 59 .1 63 .0 148 . 2 31.0 0. 58 
8362 0.0452 72· 2 19 .0 53 . 2 45.1 2'<3.4 23.5 0 . 64 
8363 0. 0937 62. 6 16,7 45 . 9 30 .0 192.1 23.3 0.62 
8371 0.0422 122. 0 111.0 12. 0 5Q .O 94.8 16.0 0.93 
837 2 0.0125 98 .0 90.0 18 .0 40 . 3 200 .0 11.0 0 .82 
8373 0., 0140 55.0 43,0 12.0 JO,O 171.4 13.0 0.97 
8J8l 0.9884 74 .4 )4 . 6 39 .8 53 ·7 104.5 23.0 1.02 
8J8 2 o. 2)33 49.8 2)_ ,4 aJ .4 43,0 177 ·1 17 . 5 0 . 57 
8J83 0.6414 35.1 15.3 19 .8 18.5 1)8.4 17 .4 0.44 
8411 0,7864 135 .1 12\J-.4 10 .7 3· 6 1J0 . 3 21.6 7·32 
8412 0. 2l91 102.7 86 .8 15.9 4,8 2J-4, 5 15.7 5·Y+ 
8413 0.3150 73·3 58 .7 14. 6 3.0 177.8 19 . 6 3·17 
842J_ 0. 5378 105 . 5 36.4 69 .1 2.9 169 .7 )4.4 5·37 
8422 0.1054 92.8 26.4 66.4 8 .9 al4,6 27 · 9 2.84 
8423 0,162) 84 . 6 26 .8 57 ·8 3· 9 222· 2 19 · 7 2. 92 
8431 1.0986 195.8 169.6 26, 0 46 . 7 207.4 30.7 3.98 
8432 0. J887 78.0 65 .7 12. 3 35 ·0 200.6 16.8 1.66 
8433 0.8786 53. 5 42.1 11.4 15 . 6 165 .0 14. 5 LJ8 
8441 1.0063 74 .8 2)_ .8 53,0 2)_ .1 114. 3 25.1 2.89 
8442 0.1440 57.1 22.6 J4. 5 aJ . 2 201.4 20 .4 2· 29 
8443 0.6044 39 .8 16.9 22.9 16. 5 122.0 20.1 2 .. 61 
8451 0.1197 112.3 87.2 25 .1 51.7 66 .8 19 . 3 1.12 
8452 0. 0152 113,0 94 .0 19.0 58 .0 65 .8 aJ,8 0.89 
8453 0.0115 100.0 80 .0 20 .0 25 .1 86 .9 27· 2 0. 66 
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Table 53 . Continued 
Sample 
descriptiona Yield CaH!g Ca Hg Na K P04 Ca45 
...JlllllL ..£__ ~ g 100 g 100 g g 
8461 0 . 7890 68 .2 21.4 46.8 53 . 1 112-5 25 . 0 1.74 
8462 0 .1572 54. 8 'l] . O 'l] . 8 18 . 2 184.5 16. 7 1.48 
8463 0 .4423 41.6 18 .1 23· 5 48 . 3 169 . 6 16.2 1.07 
8471 1.4643 1)8 .8 119 . 6 19 . 2 33·7 112. 7 17 .1 0 . 75 
847 2 o. 2221 110 . 5 9).0 17 . 5 39 .0 180.1 10 .7 0 . 65 
8473 1.1053 57 . 0 45.9 11.1 19.2 159.8 11.8 0.34 
8481 
8482 No Plants 
8483 
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Table 54. Average yield and chemical composition of alfalfa tissues 
f or the treatment numbers 1 , 3, 5, and 7 from the +Na +Ca 
treatments for the second and third gro,fth periods combined 
ESP Chemical composition of tissue 
of Alfalfa Tissue 
soil t i ssue yield Ca Hg Na K PO Ca45 
g meq/100 g tissue !/lOOg ~/g 
0.90 Leaves 1.8333 118 . 6 26. 2 4 . 5 121.8 16. 6 7 .74 
Petioles 0. 3276 120.7 ;;4. 6 7 . 6 186. 9 12.7 7 .48 
Stems 1.0453 66 . 4 20 .0 3· 5 179 .1 13. 6 5. 00 
14.92 Leaves 1.867 2 117 . 5 ;;4 .4 14.3 116 . 9 16.4 2. 60 
Petioles 0 . 3920 112.1 22.4 18 . 0 198.5 11.1 2.40 
Stems 1.0482 64 .0 17.1 10 .8 176.6 12. 6 1.88 
35.40 Leaves 1.3972 105.0 ;;4. 2 23. 4 136.0 18 .8 0 . 69 
Petioles 0 . 2635 102. 4 20 . 2 30 .8 202. 5 14.9 0 . 62 
Stems 0. 6951 70 .0 18 .1 22. 2 190 .0 16.8 0 . 57 
54 ·92 Leaves 1.4922 104 . 2 21.5 )4 .4 115. 6 17 .8 0. 58 
Petioles o. 2946 103-7 19 .1 44 . 0 192. 2 13. 0 0 . 54 
Stems 0. 9405 61.9 19 .0 27 · 9 166.4 14.1 0.45 
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Table 55. Average yield and chemical composition of alfalfa tissues 
for the treatment numbers 2, ~ . 6, and 8 from the +Na +Ca 
treatments for the second and third grouth periods combined 
ESP Chemical composition of tissue 
of Alfalfa Tissue 
soil tissue yield Ca !1g Na K PO!± Ca~5 
g meq/100 g tissue 1/lOOg rryc/g 
0.90 Leaves 1.88~ 129 . 5 30.2 3. 5 119 . 2 17 . 9 8 .06 
Petioles 0. 3688 123. 3 26 . 5 6.1 190 .0 12. 6 7 .08 
Stems 1. 02)7 63.9 2) . 0 3· 5 163 . ~ 1~ . ~ ~ . 88 
1~.92 Leaves 1. 7256 110.7 25.0 1~.7 119.9 17 . 0 1.35 
Petioles 0.3511 108.2 22. 6 18.4 181.7 12.2 1.36 
Stems 0 .9969 ~. 5 17,~ 9.~ 175. 6 13.2 0 . 9~ 
35 . ~0 Leaves 1.3009 109.7 21.~ ~.~ 119 .1 19 . ~ 1.52 
Petioles o . ~2 108 . 5 33· 9 52. 2 2)0 . 0 15,9 1.38 
Stems 0.6252 66 . 3 21.4 29 . 3 178 . 0 16.9 0.98 
54· 92 Leaves 1.3091 10~ . 9 2) . 9 ~7·3 112.9 2).~ o. 27 
Petioles 0. 2370 109.1 30 ·7 61.5 188 . 2 1~ . 9 o. 27 
Stems 0 . 7626 63 . 2 19 . 9 37.0 179 .0 15.8 o. 23 
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Table 56. Average yield and chemical composition of alfalfa tissues 
for the treatment numbers 1, 3, 5, and 7 from the +Na +Ca 
treatments for the fifth growth period 
ESP Chemical composition of tissue 
of Alfalfa Tissue 
soil tissue yield Ca Hg Na K POll Ca45 
g meq/100 g tissue rli/100 g rry.c/g 
0.90 Leaves 1.8793 114. 4 9.9 5.3 77 .1 15.9 7 .87 
Petioles 0. 3680 115.5 12.0 8 .8 163. 2 11.1 7.92 
Stems 1.3801 56 . 5 13.4 4. 4 135· 9 12.8 4 .14 
14. 92 Leaves 1.7179 109 . 9 13.1 16.0 77 . 0 16.1 3. 62 
Petioles 0. 3746 95.0 18.9 :;#. 7 161.9 11.3 3.44 
Stems l. 2641 51 . 6 14.1 12.4 139.6 11.9 2.17 
35.40 Leaves 1.3467 108 .1 16.7 ;:p . 9 94 .4 18.0 0.95 
Petioles o. 2527 98 .4 22.0 32.1 144. 2 15.0 0.87 
Stems 0. 7600 64 .4 13.8 19 . 7 111.2 13. 4 0.58 
54. 92 Leaves 1..5091 109 .1 ;:p. 2 27 . 9 81.2 17 . 0 0.57 
Petioles 0. 3261 98.2 18 .1 37 · 2 142. 9 11.8 0.49 
Stems l.114J ,:22.6 12.z 21.9 117 .8 12. 9 0. 31 
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Table 57. Average yield and chemical composition of alfalfa tissues 
for the treatment numbers 2, 4, 6, and 8 from the +Na -Ca 
treatments for the fifth gr01·rth Eeriod 
ESP Chemical composition of tissue 
of Alfalfa Tissue 
soil tissue yield Ca Ng Na K PO!! Ca45 
g meq/100 g tissue rr'J;l/100 g rr_yJc/g 
0 .90 Leaves l. 3217 5Q .8 31.6 2. 9 95 .1 33.7 6,94 
Petioles o. 2+49 36 . 5 2J-.9 10 . 2 173. 8 23.1 6.50 
Stems 0.7512 25 · 3 26 . 2 3.8 156. 2 23. 5 4. 59 
1Lf.92 Leaves l. 3987 51.0 )8 .0 22· 2 82. 9 2J, . 4 4.00 
Petioles o. 2679 29.1 45.9 29.1 151.4 19.2 3.00 
Stems 0.8934 33 .o 2'+.8 15 .1 129.7 19.7 3. 64 
35.40 Leaves l. 222'+ 36.4 43 .9 31.0 79 .5 2'+. 8 2.13 
Petioles 0. 2)02 32· 5 38 · 3 49 .1 150 .1 22.1 1.82 
Stems 0. 6809 23 . 9 27 . 6 23 · 3 126.6 ;c0 .8 1.78 
54. 92 Leaves 0. 9970 25.0 54 . 6 )4 .5 104.3 23 .1 1.04 
Petioles 0.1984 33· 3 44.6 57.1 142. 3 :co. 3 0. 53 
Stems 0.7005 25 .0 26 . 9 31.0 125. 6 18. 9 0. 51 
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Table 51J. Average yield and chemical composition of alfalfa tissues 
for the treatment numbers 1, 3, 5, and 7 from the +Na +Ca 
treatments for the seventh and eighth grot<th periods combined 
ESP Chemical composition of tissue 
of Alfalfa Tissue 
soil tissue yield Ca Hg Na K PO!± Ca45 
g meq/100 g t i ssue r&-1/100 g rry.;.c / g 
0 . 90 Leaves 1.3604 119 .8 16.9 4. 1 118.4 18 .7 7 .91 
Petiole s o. 2710 97 .1 14. 3 6.4 192. 2 13. 0 6.44 
Stems 0 .7206 58 . 7 13.4 3·7 163.2 14. 5 3.87 
14. 92 Leaves l. 2181 122·7 2(1 .1 31.0 129 .1 23 · 3 2. 91 
Petioles 0. 2719 89.7 18 . 2 31.3 192.9 13-9 2,07 
Stems 0 . 5305 60 . 5 14 .1 18 . 7 163. 5 15. 1 1.41 
35.40 Leaves 0 . 7504 104 . 6 16.1 46.5 127 . 9 23.9 1.09 
Petioles 0 .1446 90 . 5 17.6 50 · 3 164.3 18.6 0.88 
Stems 0 . )076 65 .4 17.7 )4. 3 156 . 3 18 .0 0 .70 
54. 92 Leave s 1.1487 113.0 16 . 2 40 .0 104.0 18 .1 0.71 
Petioles o. 2385 98 .4 18 . 5 37 .4 187 . 2 12. 5 0 . 61 
Stems 0,6902 48 . 9 12. 6 19 . 9 151.5 13.9 0.40 
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Table 59. Average yield and chemical composition of al~alfa tissues 
for the treatment numbers 2, 4, 6, and 8 from the +Na -Ca 
treatments for the seventh and eighth growth periods combined 
ESP Chemical composition of tissue 
of Alfalfa Tissue 
soil tissue yield Ca Mg Na K PO!J: Ca45 
g ~eqjlOO g tissue ~1/lOOg ryc/g 
0 .90 Leaves 1.0156 42.1 51.0 3.4 127.2 29.4 11.32 
Petioles 0.1879 29 .8 27·5 6.7 197. 9 21.5 7. 69 
Stems 0.4107 23 . 7 25.9 4.4 148 .9 22. 5 6.81 
14.92 Leaves 1.0771 27 . 6 47 . 5 il.l 112.9 ;:fl . 2 3.62 
Petioles o. :2005 ;;!+. 6 27 ·7 31.3 190 . 9 21.7 2.70 
Stems 0.4936 18. 9 26.2 18.7 151.2 21.8 2. 36 
35.40 Leave s 0 .8)42 19 . 9 55.7 51.0 125. 7 30 . 2 1.61 
Petioles 0 .1688 25.1 33. 6 41.4 :202.9 21.9 1.43 
Stems 0.2953 17.3 31.1 )0 .8 161.4 21 . 3 1.19 
54,92 Leaves 0 .7046 ;;!+. 2 51.4 60 . 6 111.2 27 .4 1.26 
Petioles 0.1431 2'+.4 46 . 9 73 · 5 181.9 22.8 1.12 
Stems 0 . 3570 15.4 36 . 9 J8 . 9 151.9 23 .1 0 .83 
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Table &J . Amount of Ca , Mg , K, and POi removed from the nutrient 
solutions by plants during he second growth period. An 
"a" following a number indicates an accumulation of cations 
by that amount in the nutrient solution 
description a Ca Mg Na K POll Ca45 
ppm _)0Uc/l 
211 85 .80 5·5 8.5 a 164 .4 75 .8 363.8 a 
212 112.20 4.9 8 . 5 a 223.0 96.4 218 . 9 a 
213 l3Ll0 10 .? 5.3 a 211.3 94 . 2 339 .7 a 
214 93-20 ?.8 4. 6 a 217.2 94.2 232.4 a 
215 106.80 5-3 9.2 a 219. 1 86. 0 202. 2 a 
216 98 . 00 5-7 8 .7 a 18?. 9 94.2 397.5 a 
217 98 .80 1.2 12.0 215 . 2 95 ·5 279 .6 a 
2l8 131.10 11. 6 11.5 a 218 . 7 91.0 269 . 5 a 
221 118.20 00.8 6. 7 a 218.7 95 ·5 1087.9 a 
222 140 . 50 7-l J.4 a 218 .7 96.7 599 . 6 a 
223 84 . 40 9.8 10.8 a 211.3 97.2 ?64.? a 
2.,.. 105.00 7.1 7.1 a 213-3 96.4 464.9 a 
225 71.10 8 . 2 4.4a 139.0 94 . 2 .,..2.5 a 
226 129 . 90 15.8 4.4 a 218 .7 93.6 757.8 a 
227 103.00 8.7 6.7 a 215 . 2 93·3 358 . 6 a 
233 108 .80 7.4 9. 0 162.4 94 . 2 133.5 a 
231 117.80 4.2 5.1 a 183-9 93· 3 730.6 a 
232 1.,.. . 00 ll. 2 3,4 a 219 .1 93. 3 838.7 a 
233 98 .00 6.2 6.4 a 176. 1 84 .7 223· 2 a 
234 80 . 60 9.5 11.5 a 207.4 93-3 750.8 a 
235 42.30 4.6 4. 6 a 129.2 53-7 635 . 9 a 
236 12.00 3. 3 J ,O 23.7 20 .1 172.4 a 
237 85 . 60 4. 9 6. 9 a 150 . 7 87 .9 564. 9 a 
238 103.80 5·7 9.4 a 168.3 94 .8 337.6 a 
.,..l 105.80 ? . 0 6.4 a 2.,...6 96 .1 1741.2 a 
.,..2 51.30 4. 6 J .4 a 166.4 25 · 2 257 . l a 
.,..3 115. 60 8 . 2 6. 2 a 2.,.. . 6 96 .1 984 .1 a 
~ 121. 60 6.2 4.6 a 191.8 94.8 419 . 5 a 
.,.5 66 . 30 9-9 12. 2 a 209 .4 95·5 81.3 a 
.,..6 55. 10 lL2 6.0 a 160.5 87 . 2 86 . 25a 
.,..7 105.60 8.:3 7.1 a 219 . 1 95·5 189 .4 a 
~ 23 · 20 6. 2 3·9 a 47 . 1 20 .1 23. 6 a 
aFirst digit refers to growth period , second digit to replication 
number , and third digit to treatment number . 
207 
Table 61, Amount of Ca , Mg , K, and P04 removed from the nutrient 
solutions by pl ant s during the third grm<th period. An 
"a" following a number indicate s an accumulation of cations 
by that amount in the nutrient solution 
Sample 
descri ption a Ca Me; Na K P04 Ca45 
ppm yyc/1 
311 96 .00 o.o 5.3 a ;i;3 . 7 92·7 171.7 a 
312 1:;.4 .00 3 .0 6.7 a 264 . 5 92.4 33 .7 a 
313 111 .00 0.0 5.1 a 263.4 92.4 94 . 2 a 
314 99 . 00 11.0 4.4 a 259 .8 92.4 27 2.8 a 
315 59 .00 7.0 11.7 a 184. 0 92.1 60.5 a 
316 137 .00 11.0 1.8a :;.48 . l 89 . 6 222.3 a 
317 80 .00 2.0 4. 6 a 264 . 5 92·7 87.6 a 
318 99 .00 5.0 13.1 a :;.41.9 91.5 13. 5 a 
321 130.00 2. 0 0.2 ;i;5. 3 92.4 882. 5 a 
322 126.00 2.0 0.9 264.5 92. 7 683.2 a 
323 95 .00 3.0 7.4 a 256.7 90 .8 2560 . 3 a 
3:;.4 107.00 5. 0 6.7 a ;i;3 .4 92.1 558 . 0 a 
325 81.00 o.o 4.6 a 223.1 91.5 142.0 a 
326 1;:!3.00 17.0 0. 0 a 262. 2 92.4 10)8.4 a 
327 114 .00 6.0 0. 2 a 263.7 92.1 649.4 a 
3::6 115. 00 2.0 7.8 a 185.6 91.5 74. 4 a 
331 122.00 2.0 3.9 a 255·9 91.5 949 . 5 a 
332 103. 00 10.0 .2 a 264.5 92·7 77,8 a 
333 41.00 5.0 1.8 a 8 . 9 8 . 5 169 . 2 a 
334 115.00 9.0 1.6 a 260 . 6 90.8 1637.1 a 
335 66 .00 4. 0 5.1 a 152·7 91.8 838 .7 a 
336 39.00 2. 0 3.7 a 44.8 16.1 835.5 a 
337 86. 00 12.0 8.7 a 173.8 78.8 490 . 4 a 
338 99 .00 3·0 8 .7 a 227.8 85 .1 57 . 5 a 
341 99.00 1.0 3·7 a 250·5 90.8 1444. 3 a 
342 94.00 4. 0 0. 2 a 33·9 1.0 561.4 a 
343 110 .00 8.0 1.4 a 263 · 7 92.1 547 . 9 a 
341+ 123.00 10.0 2. 5 a 265.3 92.7 689 . 5 a 
345 93.00 o.o 5. 5 a 2t.4.7 90 .2 84.9 a 
346 76 .00 10.0 10.8 a 263.7 90 . 2 2221 . 6 a 
347 94 .00 4. 0 7.6 a t.47 . 3 92.7 271.7 a 
348 17 .oo 3. 0 3.9 a 10 .0 1.0 390 . 6 a 
aFir st digit refers to groHth period , second digit to replication 
number , and third digit to treatment number . 
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Table 62, Amount of Ca , Ng , K, and P04 removed f r om the nutrient 
solutions by plants during the fifth growth period, An 
"a" folloHing a number indicates an accumulation of cations 
by that amount in the nutri ent solution 
Sample 
description a Ca Ng No. K Po4 Co.45 
ppm 
_)Jj-'C/1 
511 80.00 11. 0 2. 2 a 180 .0 72.4 410 .8 a 
512 50.00 12. 0 .7 a 140 .8 7.0 302.7 a 
513 106.00 5.0 0.4 a 180 .0 86 . 2 367 . 3 a 
514 54 . 00 21 . 0 0.7 a 142.8 7. 0 662. 3 a 
515 101. DO 17 . 0 0.8 a 166 . 3 84. 4 1864 . 6 a 
516 7. 00 21 . 0 12.8 a 126 .1 86 .8 416.1 a 
517 89 . 00 8.0 l.4a 175.1 81.2 114.5 a 
518 26 . 00 15.0 4 . 2 a 134 .9 42.0 516.2 a 
521 103. 00 ::>. 0 0.9 130 .1 79 . 6 673 . 5 a 
522 19 .00 4.0 8 .7 a 97 .8 84 .4 1218 . 5 a 
523 101.00 3. 0 l. 2 a 173. 2 86 .8 617 . 6 a 
524 23 .00 17 . 0 0. 6 a 146.0 41.2 79.89a 
525 79 .00 0.0 l.9a 120.4 86 .0 113.3 a 
526 1.00 9. 0 7.3 a 138 .9 86.2 1210 .1 a 
527 112.00 12.0 0. 1 a 180.0 81.2 810 .3 a 
5:<£ 33. 00 18 .0 3.0 113 .4 23 . 6 184 .1 a 
531 103.00 5. 0 0.7 180 . 0 84.4 678 .9 a 
532 2.00 11.0 D. 2 a 104 .7 82.4 438 . 9 a 
533 113 . 00 8 . 0 0.6 a 154 . 6 86 . 0 269.2 a 
534 20 .00 16. 0 3.4 a 115.4 46 .0 2447 .8 a 
535 74.00 2.0 2.4 a 156. 5 86 . 8 738 . 9 a 
536 3. 00 10 . 0 1. 0 83 .1 53 . 2 407 . 9 a 
537 85.00 5. 0 3.0 131.1 86. 0 99 . 5 a 
538 3.00 10 . 0 2. 6 a 88 .0 56.4 142. 8 a 
541 89 . 00 2.0 0.5 166.3 88 . 0 1174.3 a 
542 4 .00 9.0 0.7 77 -3 56.4 209.1 a 
543 84.00 4.0 0.3 180 . 0 88 .4 1687.2 a 
544 5.00 14. 0 2.4 a 97 .8 70 .8 1699.1 a 
545 107.00 10 . 0 1. 7 180 .0 89 . 2 0.0 a 
546 13 .00 13. 0 4 . 5 a 168 . 6 JO .O 732.7 a 
547 93 .00 11.0 3. 3 a 175 .1 83 . 6 322.7 a 
548 15. 90 13. 9 3.1 a 117.5 41.9 415 .0 a 
aFirst digit refers to growth period , second di git to replication 
number , and third di git to treatment number . 
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Table 63. Amount of Ca , Hg , K, and P04 removed from the nutrient 
solutions by plants during the seventh groHth period . An 
"a" foll01-r.Lng a number indicates an accumulation of cations 
by that amount in the nutrient solution 
Sample 
de scription a Ca Hg Na K P04 Ca45 
ppm ~).).c/1 
711 135.00 4.0 2.8 a 179 .9 87 . 6 )89 . 6 a 
712 9.67 17.0 0,4 a 154.7 27 · 3 361.3 a 
713 145.00 4.0 2. 5 a 170 . 2 89 . 2 338.6 a 
714 9.40 12.0 0. 2 a 170 . 3 60. 9 194. 6 a 
715 119 .00 4.0 2. 2 a 135. 0 89 .2 395.8 a 
716 9.92 13 .0 4.3 a 162. 0 76 . 6 149.7 a 
717 140 .oo 8 .0 6.7 a 220 .0 89 . 2 153. 5 a 
718 10.00 15.0 3. 9 a 114. 6 45 . 9 213.5 a 
721 139 . 00 5.0 0.3 217 .1 86 . 6 1116.9 a 
722 9 . 50 6. 0 l.5a 142.0 93·3 1674. 3 a 
723 129 .00 4.0 l. 2 a 191.7 87 . 6 607 . 2 a 
72+ 9.40 13.0 0.8 a 166,4 62. 7 <B5 .6 a 
725 103.00 1.0 1.4 a 111.5 83.8 334.6 a 
726 9. 94 15.0 2.8 a 169.3 91.2 218.2 a 
727 133.00 6. 0 2.0 193. 6 86.9 631.4 a 
733 9.94 16. 0 3·0 100.9 42.8 193.1 a 
731 1)0.00 2.0 l. 2 a 217 .1 90.0 1167 .1 a 
732 10.00 15.0 l. 2 a 116.6 56.4 774.7 a 
733 133 .00 14.0 0. 6 154. 5 88 . 2 216 .7 a 
734 95 .8 12.0 0.7 a 1)8 .1 70.3 1763. 5 a 
735 n.oo 4. 0 2.1 a 208 . 3 83 . 5 633 .2 a 
736 10 . 00 8.0 3.0 51.1 31.4 646 .8 a 
737 110.00 6.0 l.5a 95.9 81.2 150.2 a 
738 10.00 12. 0 0. 3 111.7 47 . 2 104.3 a 
741 117.00 5. 0 2. 1 164 . 3 88 . 6 604.7 a 
742 10 . 00 7. 0 0.8 76 . 5 )8 . 3 563.1 a 
743 103.00 5.0 o.o 213.2 88 . 2 905 .7 a 
744 9.86 12.0 1.2 146. 9 61.8 417.7 a 
745 137 .00 8 .0 0. 7 a 205 . 3 88.2 114 . 3 a 
746 9.76 11 .0 l.4 a 115. 6 )8 . 3 963.1 a 
747 129.00 9.0 L7a 220 .0 89 . 2 146 .4 a 
748 79.1 14 . 3 0.3 a 112.0 )8 . 9 12+.8 a 
aFirst digit refers to gro>nh peri od , second digit to replication 
number , and third digit to treatment number . 
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Table 64. Amount of Ca , Hg , K, and P04 removed from the nutrient 
solutions by plants during the eighth grot·Tth period. An 
"a " folloHing a number indicates an accumulation of cations 
by that amount in the nutrient solution 
Sample 
description a Ca Ng Na K PO Ca45 
ppm J'.)AC/1 
811 59.00 4 . 0 2.3 a 76 . 6 59 .4 618 . 3 a 
812 5. 00 16.0 3.1 a 229 . 9 77 . 6 362. 5 a 
813 82.00 4.0 4 . 7 a 136.2 71.2 698 .1 a 
814 1.00 19 . 0 l.::..a 177 . 6 23 . 3 384. 9 a 
815 94 . 00 13. 0 5.8 a 130.4 86 . 7 302.8 a 
816 7 . 00 27 . 0 o.o 2J8 . 9 74 .8 175.8 a 
817 121 . 00 8 . 0 10.7 a 270 . 1 90 . 2 119 . 0 a 
818 4.00 5.0 7.3 a 33 . 0 1.0 365.1 a 
821 117.00 9.0 7.4 a 269 . 2 90 . 2 955 .8 a 
8 22 6.00 15.0 2.0 222.6 94 . 2 483 . 0 a 
8 23 70 . 00 5.0 5.5 a 131.3 70.5 904.6 a 
8~ 7 . 00 15.0 2.5 a 193 ·3 61.8 257.2 a 
8 25 67.00 6.0 3. 5 a 127.4 72.7 59 . 3 a 
826 9.00 19.0 5.0 ~. 1 92.6 1 27 . 6 a 
827 127.00 16. 0 27.6 a 218 . 3 87.6 1501.3 a 
823 2.00 6. 0 7.LL a 83 .8 23 .8 173.2 a 
831 127 . 00 9.0 2.0 238.9 88 . 6 367 . 5 a 
832 7 . 00 17.0 1.1 a 188 .4 59.0 162.8 a 
833 82. 00 9.0 3. 2 a 84.4 73 . 4 393.1 a 
834 4 . 00 15.0 2.7 a 144. 4 56.1 574 . 4 a 
835 41.00 6.0 19 . 5 a 6. 7 23.0 1412. 6 a 
836 2. 00 7 . 0 5.0 79.9 23.3 121.8 a 
837 52. 00 8.0 6. 7 a 6. 0 49 . 3 218 . 2 a 
838 7 . 00 12. 0 3. 0 175.7 71.3 0.0 a 
841 90.00 12.0 0 . 3 a 131.3 86.0 1409 . 2 a 
842 5.00 7. 0 0.3 130.7 39 . 3 890 . 5 a 
843 103. 00 13 . 0 l.9a 256 . 5 89 . 2 1180 . 5 a 
844 8 . 00 16. 0 0.1 164 .8 74 . 2 262. 6 a 
845 68 . 00 1.0 1.88. 172.4 72-5 259 . 0 a 
846 5.00 9. 0 4.3 a 146. 3 34 . 3 617 . 5 a 
847 116. 00 16.0 7 .4 a 272.1 90 . 2 162.8 a 
848 9 . 10 6.5 2.3 a 118 .4 33 .1 376.8 a 
aFirst digit refers to groHth period , second digit to replication 
number , and third digit to treatment number . 
Table 65. Yiel d of al falfa crotms , soil roots, and nutrient - solution 
roots at the conclusion of the experiment 
Culture unit Yield gLcult~e uui1 2! 3 £lauts Nutrient solution 
number a Cro>ms Soil r oot s roots 
ll 4.94 1.99 2. 3.5 
12 4.10 1.88 2. 7_5 
13 4.13 1.14 2-36 
14 4.96 1.92 2.14 
1.5 3.11 0 .77 2.76 
16 3.1_5 l. 23 1.73 
17 4.67 1.79 2.76 
18 4 .13 L40 2.19 
2l _5.40 2._51 3.08 
22 _5 .63 2.8_5 2.49 
23 3.1_5 0.89 2. 68 
i-J, 3.88 1._50 2. 0_5 
2.5 2·34 0.63 2.01 
26 _5 . 61 2.08 2._57 
27 3.84 1.04 2.07 
;:B 3· ;:B 0.93 1.73 
31 4 .42 1.3.5 2. 43 
32 .5·.53 3.19 2· 2.5 
33 4.38 0 .96 2.18 
34 3-47 1.21 1.13 
3.5 2.04 0 . _52 1.32 
36 3.00 0.87 1.17 
Y? 2.00 1.00 1.12 
38 3. 98 1.74 1.91 
41 2·76 0.99 1. 90 
42 4 .11 0.97 1.68 
43 4.43 1.77 2·30 
44 4. 20 1.73 1. 97 
4_5 3·.57 1.18 1.77 
46 3·93 1.02 0 . 94 
47 3.82 0.88 1.4_5 
48 
aFirst digit i s replication number and second digit is treatment 
number . 
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Table 66. Multiple regre ssi on analysi s . Use of equation one to predict 
yield of shoot tissues 
Source Degrees +Na +Ca +Na -Ca 
of 
of Regressi on Regression 
variat ion a freedom !1ean square coefficient 11ean square coefficient 
Leaves 
Total 4? 0. 2'<010 5 bo = -0 . 00346 0 . 117709 bo = 1.14274 
xl 1 0 . 000231 b = 1 -0, 14569 0 . 123152 b = 1 - 6. 43335 
x2 1 0.0000002 b = 2 0 . 00449 0 . 11?334 b = 2 7 · 34370 
x3 1 0.656923 b3 = -2. 02720 o . 227207 b = 3 -1.16875 
x4 1 o . 273052 b4 = 9 . 14?47 0 . 1?6775 b4 = 8 . 27826 
x5 1 0 . 237329 b5 = -14 . 94194 0 . 161797 b5 = -14.25823 
x6 1 0 . 000266 b6 = -0.00121 0.001808 b6 = 0 .00215 
X? 1 o . 251119 b = 7 0 . 12033 0.035348 
b = 7 0 . 00729 
Xg 1 o . 20 6879 b8 = -0.00104 0 . 029002 b8 = -0,00052 
x9 1 0 .1?6238 b9 = 0 . 01635 0.318523 b9 = 0 . 00534 
x1o 1 0 . 001518 b1o= 0.00003 0 . 097774 b1o= -0.00017 
x11 1 0 . 162346 b11= 0,00432 0 . 001973 b11= 0 .00072 
x12 1 0.?08913 bl{ 0 . 362'<8 0.169718 bl{ 0 . 34329 
~3 1 0 . 0097 ;!+ bl3= -0 . 04139 0,012331 b13= 0 .0?499 
}lodel 13 0 . 544597 0 . 343;1+5 
Error 34 0 . 123681 R2 = 0 . 627 0 . 031474 R2 = 0 . 806 
aSee page 137 for variables used in equation one. 
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Table 66 . Continued 
Tr eatment 
Source Degrees +Na +Ca +Na -Ca 
of of Regr essi on Regressi on 
variation a freedom Mean square coefficient Hean square coefficient 
P!iltioles 
Total 47 0.011039 bo = o . 22573 0 . 006JOl bo = o. 29344 
xl 1 0 . 006899 b1 = .. 0 . 79515 0 . 015388 b1 = ··2· 22926 
x2 l 0.002322 b = 0 . 51697 0.014706 b = 2-59982 2 2 
X3 1 0 .021860 b = -0 . 36980 0 . 018513 b = - 0.33361 3 3 
x4 1 O. OOJ874 b4 = 1.08959 0 . 017231 b4 = 2. 58457 
x5 l 0 . 000264 b5 = - 0 . 49885 0 . 014730 b5 = -4. 30 219 
x6 1 0.006219 b6 = - 0 . 00586 0 . 001901 b6 = -0 . 00221 
X7 l 0.033537 b = 7 0.04397 
0 . 000466 b7 = 0 .00084 
x8 l 0 . 029121 b8 = .. 0.00039 0 . 000001 b8 = -0 . 00000 
x9 l 0 . 002950 b9 = 0 . 00212 0.034204 b9 = 0 , 00175 
\o l 0 . 007486 b1o= 0 . 00007 0 . 001676 b10= 
-0 . 00002 
xn l 0.006324 bn= 0 . 00085 0.001211 bn= 0.00057 
x12 1 0 . 037303 bl2= 0 . 08315 0 . 012676 bl2= 0 . 09382 
xl3 l 0 . 000098 bl3= 0 . 00416 0 . 000023 b13= -0 . 00323 
Hodel 13 0 . 029051 0 . 015449 
Error J4 0 . 004152 R2 = 0.7;:8 0 . 00;:804 R2 = 0 . 678 
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Table 66. Continued 
Tre tmen 
Source Degrees . +Na +ea +Na -Ca 
of of Regression Regression 
v_qriation a freedom Hean square coefficient Mean square coefficient 
Stems 
Total 47 0 .1875.54 bo = -0 .11221 0 . 064772 b = 0 0 .47553 
x1 1 o . :;£0114 b1 = 5. 06664 0 . 017250 b1 = - 2.36o31 
x2 1 0 . 266173 b = 2 -5 . 53511 0 . 023798 b = 2 3. 30731 
x3 1 0 . 531:;£0 b = 3 -1.82305 0.1422.54 b3 = -0.92'+78 
x4 1 0 .199487 b4 = ?.81872 0 .132361 b4 = 7.16322 
x5 1 o . 206o99 b5 = -13 . 92'+18 0 . 144530 b5 = -13 .47605 
x6 1 0 . 065121 b6 = -0.01898 0 . 006.549 b6 = 0 .00409 
~ 1 0 . 2?5929 b = 7 0 .12613 0 . 040358 b = 7 0.00779 
xs 1 o . 205887 b8 = -0 .00104 0.058348 b8 = -0 . 00074 
x9 1 0 . 137552 b9 = 0 . 01445 0 . 175564 b = 9 0 . 00396 
x1o 1 0.029668 b1o= 0. 00014 0 . 129486 b1o= -0 . 00020 
x11 1 0 . 187957 b11= 0,00465 0 . 006413 bu= 0 . 00130 
~2 1 o . 566730 ~2= 0. 32'+10 0.02'+954 bl2= 0.13163 
x13 1 0 . 062783 ~3= -0 .10517 0 . 000318 b13= -0.01204 
!1ode1 13 0 . 375310 0.166473 
Error 34 0 .115765 R2 = 0 . 553 0 . 02)886 R2 = 0.711 
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Table 67. Hul tiple regression anal ysis. Use of equation t 1-10 to predi ct 
yield of shoot tissues 
Trea t ment 
Source Degrees +Na +Ca +Na -C a 
of of Regressi on Regr ession 
variation a freedom Hean coef f i cient Hean squar e coef f icient square 
~ 
( see t able 35 i n text) 
PS!:!;;i.ol!j!~ 
Total 47 0 . 011039 bo = -0 . 0~67 0 , 006301 b = 0 0 .0?151 
xl5 1 0 . 031553 bl5= -0 . 00068 0 . 031940 bl5= -0 . 00077 
xl6 1 0 , 001218 bl6= - 0 . 00056 0 . 011061 b16= 0.00193 
x6 1 0 . 008599 b6 = 0.001;£3 0 , 004430 b6 = -0 ,00 237 
X? 1 0 . 00 5564- b = 7 0 . 01586 
0 . 009486 b = 
7 
0 .0032'+ 
x8 1 0 . 001960 b8 = -0 . 00009 0.0026)1+ b8 = 0 . 00011 
x1 2 l 0 . 011608 bl2= 0 . 0)890 0 . 008886 b12= 0 . 0)1+~ 
\3 1 0 . 029446 bl3= 0. 06136 0 . 018929 b13= 
0 . 06013 
Hodel 7 0 . 0364-48 0 . 0 2'+961 
Error 40 0 . 006592 R2 = 0.492 0 . 00 3036 R2 = 0 . 590 
~ 
Total 47 0 .187554 bo = 0 .19764- 0 . 064-772 bo = 0 . )4?88 
x15 1 1.073423 bl 5= - 0 . 00486 o. 306730 bl5= - 0.00268 
xl6 1 0 . 0 23911 bl6= - 0 . 00 2'+6 0 . 067016 bl 6= 0 . 0047 6 
x6 1 0 . 050683 b6 = 0 . 00316 0 . 083639 b6 = -0. 010 23 
X? 1 0 .118540 b = 7 0 . 07592 0 . 045995 
b = 
7 
0 , 00726 
x8 1 0 .04 2371 b8 = - 0 . 0004 2 0 . 001571 b8 = 0 . 00009 
~2 1 0 . 517759 bl 2= o. 26108 0 . 101 2'+ 2 bl 2= 0 . 11337 
~3 1 0 . 064-6 2'+ ~3= 0 . 08948 0 . 021489 bl 3= 0 . 06253 
Model 7 0 . 508048 o . 290306 
Error 40 0 .131468 R2 = 0 .403 0 . 0 25303 R2 = 0.668 
aSee page 138 for variables used in equation tHo . 
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Table 68. Nultiple regre ssi on anal ysi s . Use of equation three to 
predict yield of shoot tissues 
rea men 
Source Degrees +Na +Ca +Na - Ca 
of of Regre ssion Re gression 
variation a freedom Hean square coefficient Hean square coefficient 
Leaves 
Total 47 o. 2'!-0105 bO = l. 708<P 0 .117709 bO = 0 . 98085 
Xl7 1 O. Ola354 bl7= -o.oo:J83 0 . 005875 bl7= 0 . 00073 
Xl8 1 0 . 015115 bl8= -O . Oa32'!- 0 . 177391 bl8= -0 . 00999 
Xl9 1 0.005218 bl9= 0 , 00004 0 . 000944 bl9= - 0 . 00001 
X;p 1 o. 268<6 2 b20= -O . OJ818 0.004641 b 20= - 0 . 00192 
X21 1 0 . 112170 b21= 0 . 00019 0 . 01 2269 b21= -0 .00001 
X22 1 0.044626 b22= OoOOO J8 0 0000051 b22= - OoOOOOl 
X1 2 1 Oo 299532 bl2= Oo 2(1085 Ool76235 bl2= Ool4277 
X13 1 Oo 296030 bl3= Ool9979 Ool80627 blJ= Ool 7342 
Hodel 8 0 0 786560 
R2 = 
Oo 389396 
R2 = Error 39 0 .1;:6011 Oo558 Oo061978 Oo563 
Peti oles 
Tota l 47 0 . 011039 bO = -0 . 05041 0 . 006301 bO = 0 . 00970 
Xl7 1 0 .000572 bl7= 0 . 00085 0 , 000694 bl7= -0.00088 
Xl8 1 0 . 000547 bl8= 0 . 00498 0 , 009235 bl8= 0 . 00255 
Xl9 1 0 . 000605 bl9= 0 . 00004 Oo001792 bl9= - 0 . 00002 
X20 1 0 . 001600 b<P= O. OOJ85 0 . 000005 b<P= -0.00007 
X21 1 0.001120 b21= - 0 . 00002 0 . 001676 b21= Oo00005 
X22 1 Oo005271 b22= - Oo000 26 Oo006816 b22= -0 . 00005 
X1 2 1 Oo004573 bl2= Oo0 2635 Oo005509 bl2= Oo0 2675 
X13 1 0 00;:6536 blJ= Oo05777 Oo 0 23475 blJ= Oo06542 
Hodel 8 0 00 27267 
R2 = 
0 o 014;:63 
R2 = Error 39 Oo007710 Oo4<P Oo004664 OoJ86 
~ 
Total 47 0.187554 bO = l. 39237 Oo064772 bO = 0 . 19700 
X17 1 0 . 021957 bl7= -O o00854 0 . 217092 bl7= 0.02555 
Xl8 1 0 . 0004;:6 bl8= Oo00606 0 . 18 2'1-07 bl8= - Oo0l332 
Xl9 1 0 . 011075 bl9= - 0 . 00041 0 . 027141 bl9= 0 . 00004 
X20 1 0 .079696 b 20= - 0 . 03J44 0.00 2257 b 20= Oo00 214 
X21 1 0,029450 b21= Oo000;:6 0 . 194767 b21= - Oo00075 
X22 1 Oo007956 b 22= 0 . 00027 Oo116530 b22= 0 . 00039 
Xl 2 1 0 . 000975 bl2= 0 . 01393 0,007400 bl2= Oo03025 
Xl3 1 0 . 145588 blJ= 0 . 14660 0,016390 blJ= 0 . 05358 
11odel 8 0 . 407984 
R2 = 
0 . 109 223 
R2 = Error 39 0,142338 0. 370 0 . 055653 0 . <67 
a See page 139 for va riable s used i n equa tion three. 
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Table 69 . Hultiple regression analysi s . Use of equation four to 
predict the Ca content of shoot tissues 
T 
Source Degrees +Na +Ca +Na -Ciil 
of of Regression Regression 
variation a freedom Nean square coefficient !%an square coefficient 
Le.,ves 
(See table 37 in text) 
Pet;i.oles 
Total 47 3)9 . 161 bo = -86.580 4843 .826 bo = -918 .4JO 
xl 1 3596.822 bl = 581.374 1247 . 320 b = 1 476 .841 
x2 1 3025.427 b2 = - 571.056 948.211 b = 2 -46o.nJ 
xl6 1 980.216 ~6= 7·317 10368.713 bl6= 15.188 
x23 1 309.851 b23= - 25 . 675 3291.075 b23= -66.715 
xif 1 201.300 b24= 45 .277 7113 .742 b24= 181.139 
x25 1 234.297 b25= -53 · 351 9045.653 b = 25 273 · 539 
x26 1 1295.139 b26= 1.701 21032· 565 b26= 4 . 632 
~2 1 1071.470 bl2= -12.396 788.976 blz= 12.776 
Hodel 8 558 . ?06 15)20 . 063 
Error 39 233 .870 R2 = 0.329 2694.855 R2 = 0. 538 
~ 
Total 47 126. 394 bo = - 53 · 3)3 13188.427 b0 = -1214.230 
xl 1 769 . 265 bl = 268 .865 763.222 bl = 373.001 
x2 1 740.299 b2 = - 3)2. 480 526 . 939 b = 2 - 343. 451 
xl6 1 8)0 . 682 bl6= 6. 998 1606).090 bl6= 18 . 904 
x23 1 589.491 b23= - 35.413 4655.815 b23= - ?9 . 351 
xif 1 462.898 b24= 68 . 659 11852-595 b24= 233-814 
x25 1 96. 049 b25= - 34 . 158 15743. 468 b25= 360 .869 
x26 1 716.800 b26= 1. 266 38349 . 440 b26= 6. 255 
x · 12 1 1149 .236 bl2= -12.838 J003 . 456 blt 24 .927 
Hodel 8 370 . 344 27891.871 
Error 39 76 . 353 R2 = 0. 499 10172· 336 R2 = 0. 360 
aSee page 113 for variables used in equation four . 
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Table 70 . Hultiple regression anal ysi s . Use of equation five to 
predict the Ca content of shoot tissues 
reatment 
Source Degrees +Na +Ca +Na -Ca 
of of Regression Regression 
variation a freedom Mean square coefficient lean square coefficient 
~ 
Total 47 27 5. 239 bO = 140.959 27314 .825 bO = 1953· 272 
Xl 1 16.175 bl = 40 .807 23947 .937 bl = 1582.953 
X2 1 ll . 451 b2 = - 37 .736 31435. 583 b2 = -1973.083 
X27 1 231.268 b27= -3 . 648 403.174 b27= -3 .021 
X23 1 444.156 b23= 15. 903 t-4130. . 645 b23= -214.752 
X29 1 515 . 599 b29= - 31.522 78431.547 b29= 491.979 
X25 1 675 . 984 b25= 60 .714 0 . 368 b25= -1.850 
X26 1 42.033 b26= -1. 217 76486.108 b26= -2+ .809 
Xl2 1 6.781 bl2= 0.958 5570 .477 bl2= -23 .443 
Hodel 8 335 .147 
R2 = 
85919 .968 
R2 = Error 39 263 .010 0 . 2!)7 15293 . 258 0.535 
P!l:!;;i,ol!l!;i 
Total 47 239.161 bO = 1)2. 703 4843.826 bO = 849.147 
Xl 1 714. 123 bl = 271.143 5662.436 bl = 769 .725 
X2 1 548.706 b2 = -261.212 6996.033 b2 = -930.809 
X27 1 56.023 b27= -1.796 55· 732 b27= -1.123 
X23 1 49.765 b23= 5· 323 ll478.585 b23= -90 .855 
X29 1 12;..846 b29= -15.511 13493 · 266 b29= 2!)4.061 
X25 1 146. 589 b25= il·273 4 . 217 b25= -6.260 
X26 1 45. 270 b26= -1.263 14068 .082 b26= - 10.640 
Xl2 1 366.318 bl2= -7.040 2!)81,008 bl2= - 17 . 385 
Hodel 8 416 . 659 
R2 = 
14927 · 532 
R2 = Error 39 263 .008 0.2+5 2775·374 0 . 525 
~ 
Total 47 126. 394 bO = 129.2!)3 13188 .427 bO = ll07 .723 
Xl 1 45.982 bl = 68 .802 7029 . 359 bl = 857 . 614 
X2 1 38.051 b2 = -68,787 9193 · 291 b2 = -1067 .014 
X27 1 4 . 227 b27= -0 . 493 318 . 279 b27= -2. 223 
x;:e 1 84 . 111 b::l3= -6 . 92!) 18177 . 177 b;:i3= -114 . )32 
X29 1 59.330 b29= 10 . 693 222!) 5· 640 b29= 261.778 
X25 1 122-544 b25= 25.850 0.841 b25= 2. 795 
X26 1 41.538 b26= -l. 210 2+030 .873 b26= -13. 906 
Xl2 1 760.567 bl2= -10 . 145 2532.023 bl2= -19 . 176 
Hodel 8 301.085 
R2 = 
25894.291 
R2 = Error 39 90 . 560 0. 405 10582.096 0 . 3J4 
aSee page 143 for variables used in equation five. 
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Table 71. Multiple regr essi on anal ysi s . Use of equation six t o predict 
t he Ca content of shoot ti ssue s 
Treat ment 
Source Degrees +lla +Qa +lla -Ca 
of of Regression Regre ssion 
variation a freedom Mean square coefficient Mean square coefficient 
Leaves 
Total 47 27 5 · 2B9 bO = -84 .8 ;:B 27314.825 bO = - 2111.533 
Xl 1 409.813 bl = 20).144 2B22.815 bl = -7)5. 276 
x2 1 182.432 b2 = -169 . 960 290) . 113 b 2 = 808 .263 
X) 1 0 . 096 bJ = -1.571 29669.619 bJ = 501.707 
X4 1 37· 781 b4 = 185 . 781 6884. _58 2 b4 = -1297 .540 
X5 1 72. 179 b5 = -498 . 735 18 20) . 204 b5 = 3471.390 
X25 1 27 6. 516 b25= 60 . 027 37022. 980 b 25= 681.319 
X26 1 650.157 b26= 1.173 82997 . )94 b 26= 12. 597 
Xl2 1 2-f.983 bl2= -1.891 122-fO . 567 bl2= 48 . 944 
Model 8 343. 429 
R2 = 
84959 . 087 
R2 = Error 39 261.311 o. 212 15490.)61 0 . 529 
Pej;j,o1!il s 
Tot al 47 2B9.161 bO = -31.607 484) .826 bO = -871.560 
Xl 1 1968 . 938 bl = 445-275 52.462 bl = -100.237 
X2 1 12-fS. 634 b2 = -444.644 73.045 b2 = 12B . 208 
X) 1 150.361 b3 = 62. 275 '589L42B bJ = 223 · 565 
X4 1 70.029 b4 = -252. 931 1702. 405 b4= -645. 22B 
X5 1 2). 291 b5 = ;:BJ. )06 3478.181 b5 = 1517.419 
X25 1 0.497 b25= -2.545 6412. )70 b25= ;:BJ . 546 
X26 1 2B7 .425 b26= 0.780 13557 . 206 b26= 5.091 
Xl2 1 686 .167 bl2= -9 . 908 768 .42-f bl2= 12.263 
Hodel 8 419.135 
R2 = 
140)7 .821 
R2 = Error 39 262.500 0. 2-f7 2957 .879 0.493 
~ 
Total 47 126.394 bO = 4.416 1)188.427 bO = -1159. 437 
Xl 1 118.964 bl = 109 . 451 787 .294 bl = - )88.)09 
X2 1 85.755 b2 = -116.526 845.071 b2 = 4;6 . 081 
X) 1 10. 2B7 bJ = 16. 2B9 9472-7 26 bJ = ;:B:J .486 
X4 1 26.022 b4 = -154 .183 2190 . 292 b4= -731.868 
X5 1 12.090 b5 = 204.121 5459 · 322 b5 = 1901.073 
X25 1 82.476 b25= )2.783 11150.198 b25= 37) . 900 
X26 1 6. 664 b26= 0.119 25179 · 231 b26= 6 . 9)8 
Xl2 1 .589 .846 bl2= -9 . 186 2B45.986 bl2= 2) . 600 
Hodel 8 ;:Bl. 218 
R2 = 
25742. 921 
R2 = Error 39 94 . 636 0 . )79 1061).147 0 . )32 
aSee page 143 for variables u sed in equat i on s ix. 
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Table 72. }!ultiple regression analysis . Use of equation seven to 
predict the Ca content of shoot tissues 
Source Degrees +Na +Ca +Na -Ca 
of 
a of Regression Regression 
variation freedom Nean square coefficient Hean square coefficient 
Leaves 
Total 47 275 · 239 bO = -77 . 206 27314 .825 bO = 2107.167 
Xl 1 211.826 bl = 156.818 23002.300 bl = 2021 .537 
X2 1 232.0 61 b2 = -181. 083 35892. 050 b2 = -25;:0.639 
X27 1 52.913 b27= 1.933 553 .180 b 27= -3.687 
X23 1 65 .405 b23= ··5.985 72705 . 397 b23= -231.048 
X29 1 44.958 b29= 8 .4a'< 88542.878 b29= 518.025 
X26 1 56.362 b26= 1.564 79053.525 b26= -27.141 
Xl2 1 )8.022 bl 2= -2. 5a'< 10293.943 bl2= - 62.7 a'< 
X6 1 897.452 b6 = 0 .425 23.7a'< b6 = 0 . 185 
X7 1 369 ·596 b7 = 4 . 204 6836 .768 b7 = - 3.058 
X8 1 110.974 b8= -0.022 234 . 973 b8 = -0 . 036 
XlJ 1 20.094 bl3= -1.949 66 23.484 bl:J= 47 . 647 
Hodel 11 615 .195 
R2 = 
63645 .048 
R2 = Error 36 171.423 0 . 523 16213.925 0.545 
Petiole:. 
Total 47 239 . 161 bO = 136.572 4843 .826 bO = 975 . 122 
Xl 1 375.002 bl = 208 . 653 7518 . 037 bl = 1047 .447 
X2 1 a'l-5 . 374 b2 = - 186 . 205 9202. 179 b2 = -1276.297 
X27 1 7 · 597 b27= -0.732 170 .175 b27= -2.045 
X23 1 0.180 b23= 0.314 13960 .856 b23= -101. a'l-4 
X29 1 22.834 b29= - 6.004 16086. 619 b29= 220 .803 
X26 l 30 . 5)8 b26= -1.151 16980 . 271 b26= -12.579 
X12 1 1103. 120 bl2= -13. 597 3955 . 669 bl2= -)8.882 
X6 1 230.398 b6 = o. 215 2001.912 b6 = 1.700 
X7 1 96 .105 b7 = - 2.144 2592.467 b7 = -1.883 
X8 1 56.504 b8= 0. 016 1279 . 695 b8= -0 . 084 
Xl3 1 211.351 bl)= 6. 322 2372· 759 bl:J= 31.379 
Nodel 11 534 . 450 
R2 = 
11481.538 
R2 = Error 36 214.212 0.433 2315 . 637 0.555 
aSee page l44for variables used in equation seven. 
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Table 72 . Continued 
T 
Source Degree +Na +Cg +No. -C o. 
of of Regression Regres sion 
variation a freedom Nean square coefficient Hean square coefficient 
~ 
Total 47 126.394 bO = 156-740 13188 .427 bO= 1331.375 
Xl l 9.670 bl = 33 . 506 11667 .459 bl = 1)04 .873 
X2 l 4 . 040 b2 = -23-893 14371.657 b2 = -1594 . 996 
X27 l 0 .809 b27= o. 239 888 . 392 b27= -4 . 673 
X ::f) l 201.915 b::B= -10.515 20876.892 b::B= -123 .808 
X29 l 196 .133 b29= 17 . 596 i+57l. 719 b29= 272.891 
X26 l 32.982 b26= -1.196 325::B . 220 bz:i= -17.410 
Xl2 l 1489 . 529 bl2= -15.800 7461.557 bl2= -53.402 
X6 l 5.194 b6 = -0.032 8)43 .885 b6 = 3·470 
X7 l i+2.829 b7 = - 3·407 1430.495 b7 = -1.399 
X8 l 2]..0 , 056 b8 = 0 .031 4644 . 458 b8= -0 . 161 
Xl3 l 263.554 bl)= 7. 059 6262. 356 bl)= 46 . 3)0 
Hodel 11 :YJ 5·8 29 
R2 = 
20511.293 
R2 = Error 36 71.567 0.566 10950 .885 0.364 
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Table 73. Standard partial regre ssion coefficients for equations one , 
two , and three 
Leaves Petioles Stems 
Equation Variable +Na +Ca +Na -Ca +Na +Ca +Na -Ca +Na +Ca +Na -Ca 
1 xl -0 . 073 -4 . 270 -1.862 - 6. 395 2.878 -2.112 
x2 0. 002 4.353 1.104 6. 661 -2.869 2.643 
x3 -3.020 -2.423 -2. 569 -2.989 -3.073 -2.584 
x4 3·590 5.012 1.994 6.763 3.472 5.846 
x5 -2. 058 -2. 948 -0 . 320 -3 .844 -2.170 -3.756 
x6 -0.062 0.096 -1.389 -0 .427 -1.090 o.;;M 
~ 1.036 0 .100 1.766 0. 049 1.223 0.144 
xs -1.061 -0.375 -1.856 -0.012 -1.197 -0.716 
x9 0. 402 0 . 377 o. Gll-2 0.534 0. 402 0.377 
x1o 0.171 -0.233 1.769 -0.160 0.854 -0.438 
x11 0. 756 0.039 0.696 0.133 0.920 0.096 
~2 0.391 0.662 0. 418 0 . 782 0.395 0.)42 
x13 -0 . 046 0.112 0.021 -0.021 -0 .• 131 -O . OG4 
2 115 -0.420 -0.512 -0.232 -3 .935 -0.389 -0.353 
116 0. 022 0 . 270 -0,060 0.257 -0.064 0. 197 
x6 0.444 0 . 237 0.303 -0.458 0 .182 -0.620 
x7 0.389 0.132 0. 637 0.191 0.740 0 .1)4 
xs -0.420 -0.365 -0.418 0.353 -0 .487 0.085 
x12 O.Gll-9 0 . 325 0.196 o. 235 0. 318 o . 295 
x13 0.112 O. JOO 0 . 315 0.389 O.l.ll 0 . 126 
3 x17 -0. 130 0 . 351 0.137 -0.774 -0 .222 11.530 
xl8 -0.320 -0.327 0 . 244 0.548 0.064 -0 .723 
xl9 0 .066 -0.139 0. 219 -1.923 -0 . )51 l. G4l 
x20 -1.391 -0.120 0.596 -0.022 -0 .907 0.118 
x21 0 .776 -0.166 -0 . ::!38 2. 96 2 0.472 -13. 040 
x22 0. 278 0.015 -0. 8 29 -0.906 0.144 0.974 
x12 0. 217 0.275 0.133 0 . 223 0.017 0.079 
x1 0 . 220 0. 260 0 . 296 0.423 0.182 0 .108 
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Table 74. Standard partial regression coeffici ents for equations four , 
five , six , and seven 
Leaves Petioles Stems 
Equation Variable +Na +ca +Na -Ca +Na +Ca +Na -Ca +Na +Ca +Na -Ca 
4 Xl 2.T37 0 .981 8 .412 1.560 5.884 0 .740 
X2 - 2. 157 -0 .829 -7 . 538 -l. 346 - 5. 640 -0 . 608 
Xl6 -1.366 2. 191 4.841 2.302 7.002 1.736 
X23 3.464 - 2. 350 -3.870 -2 . 5~ -8 .074 -1. 819 
X24 -2. 621 2. 216 2. 165 2. 204 4 .966 1.724 
X25 0 .785 0 . 666 -0 . 551 0.645 -0 · 534 0.516 
X26 1.021 1.442 1. 909 1.385 2. 149 1.134 
Xl2 0.001 o. 200 -0 . )85 0 . 121 -0 . 603 0 .144 
5 X1 0 . 605 2.181 3.923 2.518 1.505 1.700 
X2 -0 .510 -2 .4:£ - 3. 448 - 2.720 -l. 3'73 -1.889 
X27 - 4. 472 -0 . 388 -2. 148 -0 .342 -0.892 -0 .410 
X;£ 5.164 -7 .822 1. 686 -7.858 - 3. 316 - 5. 993 
X29 
- 3· 331 5.610 -l. 599 5·526 1. 667 4 . 296 
X25 0 . 643 -0.002 0 . 292 -0 .015 0.404 -0 .004 
X26 - 1.400 - 3.126 -1.418 -3 .183 - 2.054 -2.521 
Xl2 0. 030 -0.114 -0 . 219 -0.165 -0.477 -0 .110 
6 X1 3. 012 -1.013 6.443 -0.328 2.395 -0.770 
X2 - 2. 299 0.995 -5.870 0.375 - 2. 326 0 .772 
X3 -0 .069 2. 159 2. 673 2. :£4 1.057 1.755 
X4 2. 153 -l. 630 -2. 860 -l. 925 - 2. 637 - 1.323 
xs -2.029 1.490 1.1~ 1.546 l. 225 1.174 
X25 0.635 0.677 -2. 6:£ 0 . 669 0 .512 0.534 
X26 1. 349 1.587 0 .876 1.523 0 .202 1 . 258 
X12 -0.0 60 0 .196 -0 . 308 0.117 -0 .432 0 . 136 
7 Xl 2.325 2. 785 3.019 3.427 0.733 2. 587 
X2 -2.450 - 3.102 -2.458 -3.730 -0 .477 - 2.8 25 
X27 2.369 -0.473 -0 .876 -0.623 0.432 -0 .863 
X;£ 
- l. 943 -8 . 416 0 .099 -8 .757 - 5 .039 - 6.490 
X29 0.890 5.908 -0 . 619 5. 980 2.744 4 .479 
X26 1.799 -3.419 - l. 292 -3 .763 - 2.031 - 3.157 
Xl2 -0 .080 -0 . 251 -0.422 -0 .370 -0 .743 -0.308 
X6 0.6)8 0.017 0.315 0.375 -0 .072 0.464 
X7 1.069 -0.087 -0 . 53 2 -0.1 27 -l. 278 -0 .057 
X8 -0. 665 -0 .-54 0 .463 -0 .300 1.350 -0.347 
X13 -0.063 0 .148 0 . 200 o. 231 0.338 o. 207 
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Table 75. Hultiple regression analysis. Use of equation eight to 
predict Ca45 content of shoot tissues 
Treatment 
Source Degrees +Na +Ca +Na -Ca 
of b of Regression Regression 
variation freedom Hean square coefficient Hean square coefficient 
~ 
Total 47 9 -5466 bO = -7. 9219 25.6225 bO = 12. 6537 
X)O l 12. 0910 b)O= 1.1435 l. 9434 ~~~=tedR . o645 X)l l 9 .1009 b)l= - 0 .01)8 deleteda 
X) l 1. 8399 b) = -1. 6895 0 .01 27 b3 = 0 .1138 
X)) l 1.3968 b))= 0.4192 0 . 0217 b))= -0.0219 
X)4 l 4 . 2317 b34= -0 .0746 0 . 0370 b34= 0.0015 
X25 l 2. 2074 b25= 3 -3194 28.4008 b25= - 10. 2!344 
Xl2 l 8 . 0339 bl2= 1.1886 146 .8569 bl 2= 3 -53 29 
Hodel 7 59 -7606 
R2 = 
125 .3752a 
R2 = Error 40 0.7591 0.9)2 11 . 0 246a 0 . 625 
P!ij;tlOl!i::l 
Total 47 7- 3758 bO = - 5 .8639 11.4128 bO = -10 . 5907 
X)O l 8 .1221 b30= 0 . 9373 31.4334 b30= l. 9608 
X:Jl l 6 . 7)64 b)l= - 0 .0119 25-2679 b)l= -0. 0458 
X) l 0. 6585 b3 = -1. 0108 16 .2224 b3 = 5· 7145 
X)) l 0 .4804 b33= 0 . 2459 18 .2495 b33= -l. 22!37 
X34 l 2.1011 b34= - 0.0153 2. 3615 b34= 0 . 0163 
X25 l 1.0257 b25= 2. 2626 0 . )6 23 b25= 1.)800 
Xl2 l 4 .4474 bl2= 0 .8844 11.6778 bl2= 1.3382 
!· odel 7 45.8948 
R2 = 
60 .)410 
R2 = Error 40 0 .6)50 0.927 2.8504 0 . 787 
~ 
Total 47 2. 2883 bO = - ) .4018 9 . 7618 bO = - 9 .1567 
X)O l 2-5490 b)O= 0 . 5251 29.7714 b)O= 1. 9083 
X)l l 1. 9292 b)l= -0.0064 24.8)50 b)l= - 0 .0455 
X) l 0.)900 b) = - 0 .7779 ll. 5073 b)= 4 .8129 
X)) l 0 . 2284 b))= 0.1695 13.7185 b))= -1.0653 
X)4 l 0 .8500 b :J4= -0.0)34 0 . 9969 b34= 0.0106 
X25 l 0.4859 b 25= 1.5574 0 .1632 b25= 0.9263 
Xl2 l 1.8767 bl 2= 0 . 5745 7.6617 bl 2= 1.0839 
l1odel 7 14 . )018 
R2 = 
45 .4477 
R2 = Error 40 0.1859 0 . 9)1 ) . 5168 0 . 693 
aThe variable X~1 , (soluble Ca45) 2, had to be deleted in this regression 
analysis becau e the correl ati on t-lith X Has so high as to make the 
error mean square negative . Therefo r e, 3~he model has six degrees of 
freedom and the error 41 degrees of freedom . 
bsee page 148 for variables used in equation eight . 
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Table 76. Hul tiple regression analysis. Use of equation nine to 
predict Ca45 content of shoot tissues 
Treatment 
Source Degrees =Fila =!=Ca +Na -Ca 
of of Regress1.on Regression 
variation a freedom He an squar e coefficient Hean square coefficient 
~ 
Total 47 9.5466 bO = 6.4996 25 . 6225 bO = 10.10.58 
X38 1 6 .1671 b38= -0.0100 5-7490 b38= 0.0097 
X39 1 6 . 5116 b39= 0 .0001 2.8087 b39= -0.0001 
X3 1 57 .4065 b3 = -0.0449 0. 2131 b3 = 0 .3104 
X40 1 16.1996 b40= 0.0111 0.0536 b40= -0.0006 
X41 l 17 . 5207 b41= -0 .0001 1.1968 b41= -0.0001 
X25 1 0 .1719 b25= -0 . 6335 19 .9037 b25= -8 . 4.589 
X12 l 21 . 6032 bl 2= l. 6472 180.6533 bl2= 3-5534 
Hodel 7 57.9244 
R2 = 
113.0421 
R2 = Error 40 1.0805 0 .903 10.32'+1 0 . 657 
Petioles 
Total 47 7 -37.58 bO = 7-5452 11.4lal bO = 5 -4924 
X38 l 10.7507 b38= -0.0131 1.0506 b38= 0 .0042 
X39 1 9 .2610 b39= 0 .0001 0. 6129 b39= -0.0001 
X3 1 62.0814 b3 = -4.6686 7-9137 b3 = -1.8915 
X40 l 20.9483 b40= 0.0126 0.8303 b40= 0 .00 22 
X41 1 20 .1318 b41= -0.0001 2. 0056 b4l= - 0 .0001 
X25 1 0.32'+1 b25= -0 .8698 3-3396 b25= -3.4650 
X12 1 12.0718 bl2= l. 2314 84.2205 bl2= 2.4262 
hodel 7 45 .8164 R2 = 
55 -1871 
R2 = Error 40 0.6487 0.925 3 -7523 0 . ?20 
~ 
Total 47 2. al82 bO = 3-5974 9.7618 bO = 4 .8990 
X38 1 1.0940 b38= -0 .0042 5 -1218 b38= 0 .0092 
X39 1 0 . 9914 b39= 0.0001 3-7389 b39= 0.0001 
X3 1 15.4193 b3 = -2-3267 0 .8356 b3 = -0.6146 
X40 l 3 -3570 b40= 0.0051 0 . 6218 b40= -0.0019 
X41 1 3 . 4340 b41= 0.0001 0.0082 b4l= 0 .0001 
X25 l 0 . 0508 b25= -0.3444 4.1779 b25= -3. 8755 
X12 1 5 . 0052 bl 2= 0. 7929 66 . 5659 bl2= 2.1570 
Model 7 14.0360 R2 = 
42.0515 
R2 = Error 40 0 . 232'+ 0 . 914 4.1111 0.642 
aSee page 148 for variables used in equation nine . 
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Table 77 . 1ultiple regression analysis. Use of equation ten to predict 
Ca45 content of shoot tissues 
Treatment 
Source Degrees +Na +Ca +Na -Ca 
of of Regression Regression 
variation a freedom Mean square coef::'icient Mean square coefficient 
~ 
(See table 39 in text) 
Petioles 
Tota l 47 7 · 3758 bO = 0 . 3.543 11. 41::!3 bO = - 6 .0194 
X30 1 14.3506 b30= 1.0124 25 . 4338 b30= 1.3602 
X31 1 11 .4513 b31= -0.0243 23 . 7671 b31= - 0.0345 
X42 1 6 . 9490 b42= 2.12J5 2J ·3367 b42= 2.3778 
X43 1 9 . 0952 b43= - 0 . 6603 23 .1363 b43= -0 . 6184 
X44 1 7.8862 b44= 0.0433 15.1277 b44= 0.0315 
X25 1 1.8957 b25= -2.6985 0.0858 b25= -0.7187 
X12 1 1.4375 bl2= 0 ·5?J.6 28 .1295 bl2= 1.8394 
Model 7 46.3834 
R2 = 
58.9442 
R2 = Error 40 0.5495 0.937 3. 0949 0.769 
~ 
Total 47 2. 2883 bO = 0 .3261 9. 7618 bO = -4.7275 
X30 1 2.8322 b30= 0.4498 24 .8685 b30= 1.3450 
X31 1 2.1822 b31= -0 .0106 24.9161 b31= - 0 . 0354 
X42 1 1.1483 b42= 0 .862J 17.4430 b42= 2. 2J22 
X43 1 1 . 7651 b4 3= -0 . 2909 21.1324 b43= -0. 5910 
X44 1 1.4404 b44= 0 .0185 14. 7963 b44= 0 . 031 2 
X25 1 o. 2637 b25= -1.0064 0 . 2577 b25= -1.2455 
X12 1 1.0648 bl2= 0 .4489 2J. 5317 bl2= 1 . 5715 
llodel 7 14. 2975 
R2 = 
43.9483 
R2 = Error 40 0 .1867 0 . 930 3· 7792 0 . 670 
aSee page 148 for variables used in equation ten. 
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Table 78. Hultiple regression analysis . Use of equation eleven to 
predict Ca45 content of shoot tissues 
Treatment 
Source Degrees +Na +ea +Na -Ca 
of of Regression Regression 
variation a freedom Mean square coefficient He an square coefficient 
Leayes 
Total 47 9 . 5466 bO = 5.9211 25 . 6225 bO = 9.4303 
X38 l 3.03.58 b38= 0 .0043 10 . 6841 b)B= 0.0083 
X39 l 3.4054 b39= -0 .0001 9 .12.58 b39= - 0 .0001 
X42 l 45.33bb b42= -1. 0164 7.8050 b42= - 0 . 5508 
Xl3 l 5 · 2812 b43= -0.9630 20 . 5334 b43= -1. 9752 
X46 l 2.1695 b44= 0 .0005 10.5021 1::44= 0 . 0011 
X25 l 0 . 3918 b25= - 0 .9463 8.3692 b25= - 6 . 6154 
Xl2 l 47 . 9745 bl2= 2. 6250 196 .1943 bl2= 4 . 9018 
lodel 7 54 . 0877 
R2 = 
114 .0946 
R2 = Error 40 1.7519 0 .844 10 .1399 0.663 
P!:;tiQJ.~§ 
Total 47 7 · 37.58 bO = 6 .0733 11 .41::£ bO = 4 .8395 
X)B l l. 5677 b38= 0 .0031 5· 2012 b38= 0 .00.58 
X39 l 2.6014 b39= - 0 .0001 5 . 0156 b39= - 0 . 0001 
X42 l 38 . 9734 b42= -0 . 9424 9.3895 b42= -0. 6041 
Xl3 l 5.70 23 b43= -1. 0006 6.4342 b43= -1. 10 57 
X46 l 0. 3627 b44= 0 .0002 0 .0910 b44= 0.0001 
X25 l 0 .1976 b25= -0. 6721 l. 3006 b25= -2 .6079 
Xl2 l 36 . .58 20 bl 2= 2. 2922 85 .1223 bl 2= 3. 2:!!8 
Hodel 7 41.5503 
R2 = 
54 . 6366 
R2 = Error 40 1.3953 0 .839 3 .8487 0 .713 
~ 
Total 47 2. ::£83 bO = 3 . 5763 9.7618 bO= 5 . 0044 
X)B l l. 2673 b38= O.OO;:B 4 . 97 22 b38= 0 . 0056 
XJ9 l 1 . 5781 b39=, -0.000l 4.7853 b39= -0 . 0001 
X42 l 13. 2009 blf2= - 0 . 5485 5. 6113 b42= -0.4670 
Xl3 l 2.1545 b4J= - 0 . 6151 5· 3989 b43= -l. Ol;:B 
X47 l 0 . 60.58 b44= 0 .0003 0 .4.586 b44= 0.0002 
X25 l 0.1196 b25= - 0.5228 l. 77 56 b25= - 3.0471 
Xl2 l l l. 7476 bl 2= l. 2989 67.6411 bl 2= 2. 878 2 
Hodel 7 13 . 3667 
R2 = 
41.3375 
R2 = Error 40 0 . 3496 0 .870 4 . 2361 0 . 631 
aSee page 149 for variables used in equation eleven . 
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Table 79. Standard partial regression coefficients for equations eight, 
nine, ten, and eleven 
Leaves Petioles Stems 
Equation Variable +Na +Ca +Na - Ca +Na +Ca +Na -Ca +Na +Ca +Na -Ca 
8 X30 4 . 925 0 . 142 4.592 6.451 4. 618 6.788 
X31 -2. 540 deleted -2.486 -5 . 640 -2.388 - 6.046 
X3 - 0 .399 0 . 016 -0.272 l. 203 -0.375 1.095 
X33 0 .565 -0 . 018 0.377 -1.528 0.466 -1.432 
X34 -1.836 0 .022 -1.472 0.3lf7 -1.681 0 . 244 
X25 0.189 - 0 .334 0 .146 - 0.067 0 .181 -0.049 
Xl2 0. 203 0.462 0.172 o. 262 0. 201 0.230 
9 XJ8 -1. 605 0 . 957 - 2. 411 0 . 613 -1.381 1.463 
X39 1.700 -0.678 2.307 - 0 .474 1.355 -1.266 
X3 -1.060 -0.044 -1.254 -0.398 -1. 122 - 0 .140 
XlfO 2.611 -0.077 3 · 378 0 .453 2.428 -0.424 
X41 -2.319 -0. 299 -2.82£3 -0.580 -2.097 0 . 040 
X25 -0.036 -0.274 -0.056 -0.168 -0.040 -0.204 
Xl2 0.2£32 0.465 0 . 240 0 .475 0. 277 0.457 
10 X30 4.766 0. 294 4.960 4.475 3 · 956 4 . 784 
X31 -4.940 deleted -5.073 -4.248 -3.981 -4.703 
X42 1.774 -0 . 480 1.866 1.753 1.362 1.755 
X43 - 3 . 670 0.946 -3.727 - 3· 209 -2. 948 -3.316 
X44 1.819 -0.616 1.836 l. 255 1.409 1.342 
X25 - 0.164 -0.225 -0.174 -0.035 -0 .117 - 0 . 065 
Xl2 0.140 0 .418 0.101 0.360 0 .157 0 . 333 
11 X38 0.697 0.814 0.570 0 .851 0 . 919 0.900 
X39 -0.766 -0.782 -0.761 -0.868 -1.064 -0 . 917 
X42 - 0.786 -0.271 -0.829 - 0.445 - 0.867 -0 . 372 
X13 -0.168 -0.200 -0.199 -0 .168 -0.219 - 0.166 
X46 0.079 0.113 0.037 0 . 016 0.085 0.038 
X25 -0.054 -0 . 214 -0.043 -0.127 -0 .061 - 0.160 
Xl2 0.449 0.641 0.446 0.6J3 0.454 0.610 
